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GUIDANCE  FOR  DISPOSAL  SITE  RISK  CHARACTERIZATION 

In  Support  of  the  Massachusetts  Contingency  Plan 
Interim  Final  Policy  #WSC/0RS-95-141 

This  Interim  Final  Policy  provides  guidance  for  conducting  and  documenting  risk  characterizations  and 
related  investigatory  activities  for  disposal  sites  contaminated  by  oil  and/or  hazardous  material.  This 
information  is  intended  solely  for  guidance.  This  document  does  not  create  any  substantive  or 
procedural  rights,  and  is  not  enforceable  by  any  party  in  any  administrative  proceeding  with  the 
Commonwealth.  The  regulations  related  to  the  characterization  of  risk  of  harm  to  health,  safety,  public 
welfare  and  the  environment  contain  both  specific  and  general  requirements.  In  addition  to 
summarizing  specific  requirements,  this  document  also  provides  guidance  on  what  approaches  the 
Department  considers  acceptable  for  meeting  the  general  requirements  set  forth  in  the  regulations. 
Parties  using  this  guidance  should  be  aware  that  there  may  be  other  acceptable  alternatives  to  this 
guidance  for  achieving  compliance  with  such  general  regulatory  requirements. 

The  regulatory  citations  provided  throughout  this  document  are  not  meant  to  be,  and  should  not  be 
relied  upon  to  be,  a  complete  list  of  all  the  regulatory  requirements  for  risk  characterization.  Parties 
undertaking  a  risk  characterization  for  a  site  should  consult  310  CMR  40.0000  (MCP)  for  applicable 
requirements. 

This  policy  supersedes  the  1 989  version  of  the  Guidance  for  Disposal  Site  Risk  Characterization  (Policy 
#WSC/0RS-141-89)  and  the  1991  Suggested  Outline,  Content  and  Format  of  Ptiase  IIIHuman  Health 
Risk  Assessment  Scope  of  Work  (Policy  #WSC-1 40-91). 
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FOREWORD 


This  document  provides  guidance  for  conducting  risk  characterizations  pursuant  to  Subpart  I 
of  the  Massachusetts  Contingency  Plan  (MCP).  This  is  an  update  of  the  1989  Guidance  for 
Disposal  Site  Risk  Characterization,  reflecting  the  changes  in  the  1993  and  1995  revisions 
of  the  MCP. 

The  risk  assessment  procedures  described  herein  are  intended  to  be  generally  consistent 
with  guidance  provided  by  the  U.S.  Environmental  Protection  Agency,  particularly  the  Risk 
Assessment  Guidance  for  Superfund  (US  EPA,  1989)  and  related  material.  This  guidance 
includes  additional  direction  concerning  the  specific  requirements  of  M.G.L.  Chapter  21E, 
the  Massachusetts  Oil  and  Hazardous  Materials  Release  Prevention  and  Response  Act,  and 
the  MCP.  Utihzation  of  this  guidance  will  lead  to  risk  characterizations  that  are  consistent 
from  site  to  site  and  remedial  decisions  that  are  protective  of  health,  safety,  pubUc  welfare 
and  the  environment. 

The  increase  in  the  volume  of  the  guidance  relative  to  the  document  published  in  1989 
reflects  an  effort  to  more  fully  describe  DEP  pohcies  and  practices.  Since  DEP  no  longer 
exercises  direct  oversight  at  all  sites,  it  is  necessary  to  provide  more  exphcit  guidance  on  risk 
assessment  procedures  that  are  acceptable  for  the  purpose  of  meeting  the  MCP 
requirements.  The  increased  volume  of  the  risk  assessment  guidance  does  not  represent  an 
increase  in  risk  assessment  requirements.  In  fact,  in  many  cases,  the  MCP  now  makes  the 
risk  assessment  process  much  simpler,  faster  and  less  expensive  than  in  the  past. 

This  version  of  the  guidance  is  an  Interim  Final  Policy,  meaning  that  it  is  being  made 
available  to  MADEP  staff  and  the  general  public  with  the  expectation  that  day-to-day  use  of 
this  material  will  provide  insight  into  how  the  guidance  may  be  improved.  The 
Massachusetts  Department  of  Environmental  Protection  (MADEP)  Bureau  of  Waste  Site 
Cleanup  and  Office  of  Research  and  Standards  are  soliciting  comments  on  whether  this 
material  provides  sufficient  guidance  to  demonstrate  that  the  requirements  of  the  MCP  have 
been  met,  and  on  specific  technical  approaches  and  requirements  described  herein.  Users 
of  this  document  are  encouraged  to  submit  comments  on  both  its  content  and  format.  Any 
recommendations  for  making  the  document  more  workable  would  be  welcomed.  Please 
submit  comments  on  this  document  by  December  31,  1995  to: 

Nancy  Bettinger 

Department  of  Environmental  Protection 

OfQce  of  Research  and  Standards 

One  Winter  Street,  3rd  Fl 

Boston,  MA  02108 
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Technical  questions  about  the  material  presented  herein  may  be  addressed  to  the  Risk 
Analysis  Group  staff  within  the  Office  of  Research  and  Standards: 

name  telephone  internet  address 

Nancy  Bettinger 617-556-1159  . nbettinger@state.ma.u8 

Michelle  Bomstein    617-556-1052  mbom8tein@8tate.ma.U8 

Meg  Harvey    617-292-5513  mharvey@8tate.ma.us 

Paul  Locke 617-556-1160  plocke@state.ma.us 

Maureen  Rabbett    617-292-5S41  mrabbett@8tate.ma.u8 

The  Massachusetts  D£P  would  like  to  thank  the  members  of  two  workgroups  of  human 
health  and  ecological  risk  assessors  who  met  to  discuss  and  comment  on  drafts  of  this 
material  and  who  generously  contributed  their  time  and  e3q>ertise  to  this  project. 
Participants  in  these  workgroups  include: 

David  E.  Burmaster    Alceon  Corporatioii 

Lisa  J.  Campe    GZA  GeoEnviromnental 

F.HmiiTiH  A.C.  Crouch Cambridge  Environmental,  Inc. 

Jerome  Cura  '* Menzie*Cura  &  Aaaociatea,  Inc. 

Mary  Doyle    Vanaase  Hangen  Brustlin,  Inc. 

Ken  Finkelstein  * NOAA 

Deborah  Friedman   GZA  GeoEnvironmental 

Wenc^  Heiger-Bemays    Menzie*Ctira  &  Associates,  Inc. 

John  H.  Gentile  -* Cntr  for  Marine  &.  Env.  Analysis,  Univ.  of  Miami 

Gaiy  Gonyea  -* DEP/Bureau  of  Resource  Protection 

Miranda  Hope  Henning  -k McLaren/Hart-ChemRisk 

Kevin  Holtzclaw General  Electric  Company 

Lewis  M.  Horzempa   Foster  Wheeler  Environmental  Corp. 

Dee  Hull    Alceon  Corporation 

Janet  L.  Kiwting Menzie*Cura  &  Associates,  Inc. 

David  Kronenberg W.R.  Grace 

Mark  C.  Maritato McLaren/Hart-ChemRisk 

Susan  D.  Matkoeky Haley  &  Aldrich 

James  T.  Maughan  *    CH2M  HILL 

John  W.  McTigue ERM-New  F-nglAnrf 

Charles  A.  Menzie  '* Menzie*Cura  &  Associates,  Inc. 

David  F.  Mitchell  -t, ENSR  Consulting  &  Engineering 

Robert  M.  Nuzzo  * DEP  Technical  Service  Branch 

Steven  Pearlman  « DEP/Bureau  of  Resource  Protection 

Eathy  Perkins    Cambridge  Environmental,  Inc. 

Joanne  H.  Perwak    EMCON 

Stephen  E.  Petron    CH2M  Hill 

Bonnie  Potocki  -k    CDM  Federal  Programs  Corp. 

Robert  J.  Reimold  * Metcalf  and  Ed4y,  Inc. 

Christine  Riouz    Camp  Dresser  &  McEee,  Inc. 

Ann  M.  Roseberry Rizzo  Associates,  Inc. 

Cynthia  D.  Shaw    GZA  GeoEnvironmental 

Susan  C.  Svirs^  • U.S.  EPA 

Harlee  S.  Strauss Silent  Spring  Institute 

Richard  H.  Sugatt  '* Normandeau  Associates 

Mark  S.  Tisa  * MA  Division  of  Fish  &  Wildlife 

Terence  Tsai    CH2M  Hill 

Patti  L.  Tyler  •   UJ5.  EPA 
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FOR  MORE  INFORMATION... 


MCP  HOTLINE 

The  MCP  Hotline  is  staffed  by  MADEP  BWSC 
staff  with  detailed  knowledge  of  the  Bureau's 
regulations  and  policies.  The  Hotline  is 
reached  through  the  Department's  InfoUne,  a 
toll-free  information  service  providing  answers 
to  general  DEP  questions,  permit  application 
kits,  DEP  seminar  information,  CompUance 
Fee  assistance,  and  referrals  to  technical 
experts. 

from  area  code  617  and  outside  Massachusetts 

617.338-2255 

from  area  codes  413  and  508 

1-800-462-0444 


The  MCP  Hotline  is  the  first  choice, 
the  InfoUne's  menu  of  options. 


1  »,  on 


MADEP  COMPUTER 
BULLETIN  BOARD  SYSTEM 

The  MADEP  Office  of  Research  and 
Standards  has  established  a  computer 
bulletin  board  system  for  24-hour  access  to 
many  DEP  policies  and  regulations, 
particularly  related  to  M.G.L.  C.21E  and  the 
Massachusetts  Contingency  Plan. 

SETTINGS: 

MODEM  #:      617-292-5546 


SPEED: 
DATA- 
STOP: 
PARITY: 


up  to  14,400  Baud 

8 

1 

None 


Questions?  Call    Systems    Operator    (SYSOP) 

MicheEe  Bomstein  at  617-556-1052. 


STATE  HOUSE  BOOKSTORE 

Copies  of  the  Massachusetts  state  laws  (e.g., 
M.G.L.  Chapter  2 IE),  regulations  (e.g.,  the 
Massachusetts  Contingency  Plan),  and  other 
publications  (e.g..  Background  Documentation 
for  the  Development  of  the  MCP  Numerical 
Standards)  may  be  purchased  from: 

State  Bookstore 

Room  116 

State  House 

Boston,  MA  02133 

(617)  727-2834 


or 


Western  Office  of  the 

Massachusetts  Secretary  of  State 

436  Dwight  Street 

Springfield,  MA  01103 

(413)  784-1376 


REGIONAL  SERVICE  CENTERS 

MADEP  operates  4  Regional  Service  CJenters 
to  bring  information  and  assistance  closer  to 
those  who  need  it.  The  Service  Center  in 
your  area  is  the  first  place  to  call  or  visit  for 
general  information,  access  to  DEIP 
documents  and  files,  and  environmental 
education  materials.  The  Centers  are  located 
in  the  four  DEP  Regional  Offices: 

Western  Region;      (413)  784-1100  x  214 
Springfield 

Central  Region;       (508)  792-7683 
Worcester  TDD;  (508)  767-2788 

Northeast  Region;  (617)  932-7677 
Wobum  TDD;  (617)  932-7679 

Southeast  Region;  (508)  946-2714 
Lakeville  TDD:  (508)  946-2795 
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INTRODUCTION 


This  document  provides  guidance  for  conducting  and  documenting  risk 
characterizations  and  related  investigatory  activities  for  disposal  sites  contaminated 
by  oil  and/or  hazardous  material.  This  information  is  intended  solely  for 
guidance.  This  document  does  not  create  any  substantive  or  procedural  rights, 
and  is  not  enforceable  by  any  party  in  any  administrative  proceeding  with  the 
Commonwealth.  The  regulations  related  to  the  characterization  of  risk  of  harm 
to  health,  safety,  pubUc  welfare  and  the  environment  contain  both  specific  and 
general  requirements.  In  addition  to  summarizing  specific  requirements,  this 
document  also  provides  guidance  on  what  approaches  the  Department  considers 
acceptable  for  meeting  the  general  requirements  set  forth  in  the  regulations. 
Parties  using  this  guidance  should  be  aware  that  there  may  be  other  acceptable 
alternatives  to  this  guidance  for  achieving  compliance  with  such  general  regulatoiy 
requirements. 

The  regulatory  citations  provided  throughout  this  document  are  not  meant  to  be, 
and  should  not  be  reUed  upon  to  be,  a  complete  list  of  all  the  regulatory 
requirements  for  risk  characterization.  Parties  undertaking  a  risk  characterization 
for  a  site  should  consult  310  CMR  40.0000  (MCP)  for  appUcable  requirements. 


This  guidance  document  is  intended  for  use  by  anyone  conducting  risk  characterizations 
pursuant  to  Subpart  I  (310  CMR  40.0900)  of  the  Massachusetts  Contingency  Plan  (MCP), 
including  those  sites  considered  to  be  adequately  regulated  subject  to  other  regulatory 
schemes  pursuant  to  310  CMR  40.0110  through  40.0114.  In  addition  to  persons  conducting 
risk  characterizations  at  sites,  this  material  may  also  be  of  use  to  persons  reviewing  MCP  risk 
characterizations,  persons  conducting  a  risk  assessment  for  other  (non-MCP)  purposes,  and 
the  interested  pubhc.  The  Massachusetts  (Dontingency  Plan  is  a  set  of  regulations  for  the 
notification,  assessment  and  remediation  of  contaminated  sites  promulgated  pursuant  to 
M.G.L.  Chapter  2 IE  (c.21E),  the  Massachusetts  Oil  and  Hazardous  Materials  Release 
Prevention  and  Response  Act.  The  MCP,  originally  promulgated  in  1987,  was  significantly 
rewritten  in  1993  and  1994  to  implement  sweeping  amendments  made  to  C.21E  in  1992.  The 
new  program  strengthens  and  expands  the  role  of  the  private  sector  and  encoiu*ages  those 
legally  responsible  for  sites  to  conduct  response  actions  in  a  timely  way.  In  addition,  the  new 
MCP  focuses  limited  governmental  resources  on  the  sites  considered  to  present  the  greatest 
potential  for  harm  to  health  and  the  environment,  and  on  those  tasks  the  pubhc  sector  has 
to  perform  to  ensure  that  private  sector  actions  are  appropriate. 
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A  key  feature  of  the  new  c.2lE  program  is  its  reliance  on  Hazardous  Waste  Site  Cleanup 
Professionals  (also  called  "Licensed  Site  Professionals",  or  "LSPs")  to  oversee  assessment 
and  cleanup  actions  and  to  ensure  that  such  actions  are  performed  in  compliance  with  the 
MCP.  LSPs  oversee  and  manage  response  actions  and  render  opinions  that  response  actions, 
including  the  risk  characterization  portion  of  the  response  action,  meet  the  MCP's 
requirements.  LSPs  are  hcensed  by  the  Commonwealth  and  employed  by  people  conducting 
response  actions.  The  regulations  that  establish  the  Ucensing  process  and  criteria  can  be 
foimd  in  309  CMR  1.00  -  8.00.  A  list  of  LSPs  is  available  from  the  Board  of  Registration  of 
Hazardous  Waste  Site  Cleanup  Professionals  (telephone:   617-292-5556). 


Risk  characterization  is  used  in  the 
Massachusetts  Contingency  Plan  to 
determine  whether  a  remedial  response 
action  is  necessary  and  to  dociunent  that  a 
level  of  no  significant  risk  of  harm  to  health, 
safety,  pubhc  welfare  and  the  environment 
exists  or  has  been  achieved  for  the  site.  In 
this  context,  the  site  risk  characterization  is 
a  decision  tool  for  making  remedial  decisions 
in  a  manner  which  is  both  protective  of 
public  health  and  the  environment  and 
consistent  from  site  to  site.  A  risk 
characterization  must  be  performed  at  each 
site  seeking  a  Response  Action  Outcome 
(RAO),  because  determining  whether  a 
condition  of  'No  Significant  Risk"  exists  is  a 
basic  requirement  of  an  RAO. 


Response  Action  Outcomes,  or  RAOs,  are  the 
end-points  of  all  response  actions  oondncted 
under  the  Massachusetts  Contingency  Plan,  and 
the  documentation  that  the  disposal  site  has 
reached  an  end-point  is  the  Response  Action 
Outcome  Statement.  RAOs  are  divided  into 
three  main  categories  (A,  B  and  C)  and  senra^l 
subcategories  (e.g.,  A-1,  A-2  and  AS)  to 
distinguish  between  the  different  types  of  end- 
points  which  may  be  reached  for  a  given  site. 
Only  a  Class  A-1  RAO,  which  applies  to  sites 
that  have  been  cleaned  up  to  background  levds, 
can  be  achieved  without  conducting  a 
quantitative  risk  assessment.  To  achieve  any 
other  RAO,  a  risk  assessment  must  be 
conducted. 


While  risk  characterizations  may  be  performed  at  any  point  during  the  site  assessment  and 
remediation  process  (assuming  that  suffrdent  information  about  the  site  and  the 
contamination  has  been  gathered)  they  are  typically  conducted  at  two  points  in  the  process: 
(1)  as  part  of  a  site  assessment,  to  determine  whether  or  not  remediation  is  necessary, 
and/or  (2)  following  a  remedial  response  action  to  determine  whether  the  action  effectively 
eliminated  significant  risk. 

The  general  data  gathering  and  interpretation  which  must  precede  the  risk  characterization 
is  described  in  the  regulations  beginning  at  310  CMR  40.0904.  These  activities  include 
investigation  of  the  physical  characteristics  of  the  site;  identification  of  the  soiu*ce  and  extent 
of  the  release;  characterization  of  the  type,  volume,  nature,  etc.  of  the  released  oil  or 
hazardous  materials  (OHM);  identification  of  apphcable  soil  and  groundwater  categories; 
identification  of  exposure  points  and  the  concentration  of  OHM  at  these  exposure  points;  and 
identification  of  background  levels  of  OHM.  While  it  is  beyond  the  scope  of  this  document 
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The  scope  and  level  of  effort  of  the  risk 
characterization  depends  upon  the  complexity  of 
the  disposal  site  and  the  response  action  being . 
performed.  A  Licensed  Site  Professional  may 
provide  technical  justification 
(310  CMR  40.0193)  for  forgoing  specific  site 
investigation  activities  if,  in  his  or  her 
professional  judgement,  any  particular 
requirement  is  unnecessary  or  inappropriate 
based  upon  the  conditions  and  characteristics  of 
the  site.  The  LSP  must  employ  RAPS 
(Response  Action  Management  Approach,  310 
CMR  40.0191)  in  determining  whether  any  such 
activity  is  unnecessary  or  inappropriate. 


to  provide  detailed  guidance  on  all  site 
investigation  activities,  Section  2.0:  Site 
Characterization  provides  a  discussion  of 
those  issues  which  have  the  greatest 
potential  impact  on  the  risk  characterization 
process. 

Having  collected  sufficient  site  information, 

the  risks  of  harm  to  health,  safety,  pubhc 

welfare    and    the    environment    must    be 

evaluated  (or  characterized).  As  described  in 

310  CMR  40.0940  of  the  MCP,  risks  of  harm 

to     health,      pubUc     welfare      and     the 

environment  must  be  characterized  by  one  of 

three     methods.  The     Massachusetts 

Contingency  Plan  describes  these  three  methods  of  risk  characterization,  and  this  document 

includes  guidance  for  all  three  approaches.  In  general,  only  one  method  should  be  used  for 

a  given  disposal  site,  although  there  are  drciunstances  when  a  combined  approach  is 

appropriate.      Guidance  for  selecting  the  appropriate  risk  characterization  method  is 

contained  in  Section  3:  Selection  of  Risk  Characterization  Method.  Correct  choice  of 

the  appropriate  method  is  extremely  important.    Note  that  the  risk  of  harm  to  safety  is 

evaluated  in  the  same  manner  at  all  sites,  no  matter  which  method  is  used  to  characterize 

the  risks  to  health,  pubUc  welfare  and  the  environment.    Guidance  on  evaluating  risk  of 

harm  to  safety  is  provided  in  Section  4.0:   Characterization  of  Risk  to  Safety. 

Method  1  risk  characterizations  (described  in  the  MCP  at  310  CMR  40.0970  and  in  Section 
5.0:  Method  1  of  this  document)  compare  promulgated  lists  of  soil  and  groundwater 
standards  to  contaminant  concentrations  detected  at  the  site.  Method  2  assessments 
(310  CMR  40.0980)  allow  for  limited  modification  of  the  Method  1  standards  based  upon  site 
and  chemical-specific  fate  and  transport  factors,  hi  addition,  if  MADEP  has  not  promulgated 
a  Method  1  soil  or  groimdwater  standard  for  a  chemical.  Method  2  may  be  used  to  develop 
values  analogous  to  Method  1  Standards.  The  use  of  Method  2  is  described  in  Section  6.0: 
Method  2  of  this  document.  Method  3  risk  characterizations  employ  site-specific 
information  (particularly  the  potential  for  exposure  to  contaminants)  to  independently 
evaluate  the  risks  of  harm  to  health,  pubhc  welfare  and  the  environment.  The  recommended 
procedures  for  the  evaluation  of  human  health  risks  are  described  in  Section  7.0:  Method 
3  -  Human  Health,  while  the  procedures  for  characterizing  the  risk  of  harm  to  pubHc 
welfare  and  the  environment  are  presented  in  Section  8.0:  Method  3  -  Public  Wdfare 
and  Section  9.0:   Method  3  -  Environmental  Risk  Characterization. 

There  are  some  site  conditions  which  warrant  immediate  attention,  including  early 
notification  to  MADEP  and  the  implementation  of  an  Immediate  Response  Action  (IRA). 
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Immediate  Response  Actions  must  be  midertaken  to  address  sudden  releases  of  oil  or 
hazardous  material,  Imminent  Hazards  and  other  time-critical  conditions  identified  in  the 
MCP  (310  CMK  40.0410).  Section  10.0:  Imminent  Hazard  Evaluations  describes  the 
process  by  which  site  conditions  may  be  assessed  to  determine  whether  or  not  an  Imminent 
Hazard  exists. 

Additional  guidance  is  provided  in  the  Appendices.  Appendix  A  presents  a  glossary  of  terms 
and  acronyms  used  in  the  MCP  and  this  guidance  docimient.  Appendix  B  presents  suggested 
default  assumptions  which  can  be  used  to  estimate  site  exposures.  Appendix  C  contains  a 
discussion  of  the  use  of  probabilistic  techniques  to  characterize  risk  under  the  MCP. 
Appendix  D  presents  guidance  on  fish  tissue  sampling.  Appendix  E  provides  references  for 
potentially  Apphcable  or  Suitably  Analogous  Standards.  Appendices  F  and  G  contain  outlines 
of  the  basic  components  of  Method  1  and  Method  2  Risk  Characterizations,  while  Appendix 
H  presents  guidance  for  preparing  a  Method  3  Scope  of  Work. 
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The  Misuse  of  Reportable  Concentrations  (RCs) 


in  MCP  Risk  Characterizations 

Reportable  Concentrations  are  ONLY  triggers  for  notification  under 
the  Massachusetts  Contingency  Plan  and  any  other  use  of  those  nmnhers  is 
not  sanctioned  by  the  Massachusetts  Department  of  Environmental  Protection. 

Reportable  Concentrations  are  NOT  cleanup  standards.     The  MCP 

Method  1  Standards  are  a  distinct  and  separate  list  of  nmnhers  and  their  use 
is  described  in  detail  in  Subpart  I  of  the  MCP  and  Section  5.0  of  this 
document. 

Reportable  Concentrations  are  NOT  "No  Risk"  levels.  Sites  with 
concentrations  of  oil  or  hazardous  material  below  RCs  do  not  trigger 
notification  to  MADEP  at  that  time  but  may  pose  significant  risk  and  require 
remediation.  Information  gathered  at  a  later  date  or  through  the  DEP*8  Site 
Discovery  Program  may  result  in  the  need  for  notification  and/or  remediation. 

Reportable  Concentrations  are  NOT  screens  to  eliminate 
Contaminants  of  Concern  from  a  risk  assessment.  The  acceptable 
approach  for  eliminating  chemicals  fi*om  further  consideration  is  discussed  in 
Section  2.4  of  this  document. 
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1.0      PURPOSES  OF  RISK  CHARACTERIZATION  IN  THE  MCP 

As  described  in  Subpart  I  of  the  Massachusetts  Contingency  Plan  (MCP),  risk 
characterization  is  used  in  the  Waste  Site  Cleanup  Program  to  determine  whether  a  remedial 
response  action  is  necessary  at  disposal  sites,  to  identify  target  cleanup  levels  in  the  event 
that  a  remedial  action  is  required  and  to  docimaent  that  a  level  of  no  significant  risk  of  harm 
to  health,  safety,  pubhc  welfare  and  the  environment^  exists  or  has  been  achieved  for  a  site. 
In  other  words,  risk  characterization  is  used  to  answer  the  question  'How  Clean  is  dean 
Enough?' 

In  this  context,  the  site  risk  characterization  is  a  decision  making  tool  with  which  remedial 
decisions  may  be  made  in  a  manner  which  is  both  protective  of  pubhc  health  and  the 
environment  and  consistent  from  site  to  site.  A  risk  characterization  must  be  performed  at 
each  site  seeking  a  Response  Action  Outcome  (RAO):  a  condition  of  "No  Significant  Risk" 
is  a  basic  requirement  of  an  RAO.  While  risk  characterizations  may  be  performed  at  any 
point  during  the  site  assessment  and  remediation  process  (assimaing  that  sufficient 
information  about  the  site  and  the  contamination  has  been  gathered)  they  are  tj^ically 
conducted  at  two  points  in  the  process:  (1)  following  a  comprehensive  site  assessment  to 
determine  whether  or  not  remediation  is  necessary,  and  (2)  following  a  remedial  response 
action  to  determine  whether  the  action  effectively  ehminated  significant  risk. 

While  the  terms  "Risk  Characterization"  and  "Risk  Assessment"  are  often  used  qmonymously, 
there  is  a  subtle  difference  in  their  meaning  in  the  regulations.  A  risk  assessment  describes, 
often  quantitatively,  the  potential  risks,  answering  the  question,  "What  are  the  risks 
associated  with  the  contamination  at  this  site?"  An  MCP  Risk  Characterization  takes  the 
process  one  step  further:  using  criteria  promulgated  in  the  regulations,  the  risk 
characterization  answers  the  question,  "Are  those  risks  significant  (important)?"  The 
standards  used  to  answer  that  question  may  be  expressed  quaUtatively,  as  concentration- 
based  standards  or  as  limits  on  Cumulative  Receptor  Risk,  depending  upon  the  nature  of  the 
risks  being  evaluated  and  the  risk  characterization  approach  used.  Each  report  presenting 
an  MCP  Subpart  I  Risk  Characterization  must  contain  both  the  documentation  of  the  risk 
assessment  and  a  clear  statement  whether  or  not  a  condition  of  no  significant  risk  of  harm 
to  health,  safety,  pubhc  welfare  and  the  environment  exists  or  has  been  achieved.  Thus  Risk 
Characterization  is  a  process  which  combines  both  risk  assessment  and  risk  management. 


In  this  document,  the  capitalized  term  "No  Significant  Risk"  is  often  used  in  lieu  of  the  longer  "no  significant  risk  of 
harm  to  health,  safety,  public  welfare  and  the  environment."   Reference  to  single  measures,  such  as  "no  significant  risk  to  the 
environment"  will  not  use  the  capitalized  form. 
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1.1       DEMONSTRATE  NEED  FOR  A  RESPONSE  ACTION 

A  tanker  truck  overturns  on  Route  128,  spilling  gasoline  across  the  highway  and  into  a 
drainage  ditch.  Is  a  response  action  necessary?  At  many  sites  regulated  under  the 
Massachusetts  Contingency  Plan  the  answer  is  intuitive:  it  is  obvious  to  the  owner/operator, 
the  site  manager  overseeing  the  assessment/remediation  and  to  the  government  regulators 
involved  that  remediation  must  take  place.  Like  this  example,  many  MCP  sites  result  from 
the  sudden  release  of  oil  or  hazardous  material  (OHM)  and  Emergency  Response  teams  are 
called  in  immediately  to  clean  up  the  spill,  often  to  "backgroimd"  levels. 

Unfortunately,  the  question  of  whether  remediation  is  necessary  is  not  always  so  clear.  The 
decision  about  whether  the  conditions  at  a  site  are  serious  enough  to  require  remediation 
requires  evaluation  of  a  number  of  factors  such  as  the  possible  presence  of  ongoing  releases, 
the  use  of  the  site,  the  location  of  the  contamination  and  the  concentrations  of  the  oil  or 
hazardous  material.  One  of  the  primary  purposes  of  promulgating  the  MCP  was  to  estabhsh 
a  consistent  set  of  rules  by  which  decisions  about  the  need  for  remedial  action  could  be 
made.  Risk  Characterization  is  one  of  the  tools  incorporated  into  the  regulations  to  assist 
site  managers  in  making  decisions  that  are  both  consistent  from  site  to  site  and  protective 
of  health,  safety,  public  welfare  and  the  environment. 

1.1.1    Baseline  Risk  Characterizations 

A  "baseline"  is  a  measure  used  as  a  standard  for  comparison.  In  environmental  regulation, 
a  baseline  measure  describes  the  conditions  which  would  exist  in  the  absence  of  any 
controls  or  remedial  measures  -  in  other  words,  the  baseline  measure  describes  the  "No 
Action"  alternative.  Thus,  a  baseline  Risk  Characterization  describes  the  health,  safety, 
pubhc  welfare  and  environmental  risks  which  would  exist  if  no  remedial  actions  were 
taken  to  address  the  contamination  at  a  disposal  site.  Because  a  baseline  risk 
characterization  assumes  that  no  remedial  action  will  take  place,  the  assessment  includes 
an  evaluation  of  both  current  and  future  exposures  to  the  unremediated  contamination. 

At  most  sites,  however,  a  true  baseline  risk  characterization  may  never  be  carried  out. 
The  1993-1994  revisions  to  the  MCP  allow  preliminary  response  actions  and  risk 
reduction  measures  to  be  taken  without  a  formal  determination  that  the  contamination 
at  the  site  poses  significant  risk.  This  change  was  made  to  the  regulations  in  response 
to  comments  that  the  need  for  action  (and  the  appropriate  type  of  action)  at  a  site  is 
often  evident,  and  resources  should  be  spent  on  actually  cleaning  up  sites  and  reducing 
risk  rather  than  documenting  the  need  to  take  such  actions.  Thus,  the  first,  and  only, 
risk  characterization  performed  for  a  c.2lE  site  may  be  to  demonstrate  that  the  remedial 
actions  already  implemented  have  achieved  a  condition  of  No  Significant  Risk.  In  other 
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words,  such  risk  characterizations  describe  the  "No  Further  Action"  alternative^.  (The 
assumption  that  no  further  remedial  action  will  take  place  means  that  future  exposures 
to  any  residual  contamination  must  be  addressed.)  While  this  approach  can  greatly 
streamline  the  assessment/remediation  process,  there  are  potential  problems  as  well. 
Without  an  adequate  understanding  of  the  site,  chemical  concentrations  and  exposure 
pathways,  the  initial  remedial  measures  may  not  be  sufficient  to  achieve  a  level  of  No 
Significant  Risk,  and  further  response  actions  may  be  necessary.  Risk  characterizations 
conducted  before  a  remedial  measure  is  carried  out  can  be  used  to  plan  cost  effective 
remedial  strategies,  such  as  targeting  for  cleanup  those  chemicals  or  exposiu-e  media 
contributing  the  most  risk. 

The  Risk  Characterizations  submitted  to  MADEP  to  support  a  Response  Action  Outcome 
Statement  for  a  site  may  be  either  a  baseline  or  modified  baseline  evaluation,  and  the 
guidance  which  follows  does  not  distinguish  between  the  two.  The  difference  is  only 
important  in  so  far  as  the  type  of  RAO  (Class  A  or  B)  depends  upon  whether  or  not  a 
response  action  has  been  implemented  at  the  site  (310  CMR  40.1035  and  40.1045). 

1.1.2  Imminent  Hazard  Evaluations 

Imminent  Hazard  Evaluations  are  a  specific  type  of  MCP  risk  characterization  which 
answers  the  question,  "Is  a  remedial  action  required  NOW?".  It  is  a  form  of  baseline  risk 
assessment  which  typically  evaluates  the  potential  risks  associated  with  short-term 
exposures  at  a  site  under  current  conditions.  Imminent  Hazard  Evaluations  are  not 
required  at  all  sites,  but  are  triggered  by  the  presence  of  conditions  indicating  the 
potential  for  an  Imminent  Hazard.  An  Imminent  Hazard  Evaluation  should  be  conducted 
whenever  information  indicating  a  potential  imminent  hazard  comes  to  hght,  which  could 
be  at  any  point  in  the  site  assessment/remediation  process.  Section  10  of  this  document 
describes  when  and  how  such  evaluations  are  conducted. 

1.1.3  Identification  of  Target  Cleanup  Levels 

When  a  risk  characterization  indicates  that  remediation  is  needed  (i.e.,  a  condition  of  No 
Significant  Risk  has  not  been  achieved)  the  question  "Is  a  response  action  necessary?" 
becomes  "When  can  the  response  action  stop?"  In  much  the  same  way  that  the  question 
is  turned  around,  the  risk  characterization  can  be  reversed  and  used  to  identify  target 
cleanup  levels.  The  equations  used  to  estimate  exposure  and  risk  (Sections  7.3  and  7.4) 
can  be  apphed  to  combinations  of  chemical  and  medium-specific  concentrations  which 
would  meet  the  Method  3  Cmnulative  Risk  Limits.    (At  a  given  site,  there  may  be  an 


This  type  of  post-remedial  action  assessment  could  be  thought  of  as  a  modified  Baseline  Risk  Characterization. 

"modified"  because  the  remedial  measure  has  altered  the  initial  conditions  (changed  the  baseline.) 
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infinite  number  of  combinations  which  could  meet  the  Method  3  Cimiulative  Risk  Limits, 
and  risk  assessment  can  be  used  to  identify  target  cleanup  levels  which  maximizes  risk 
reduction  and  minimizes  cost.)  The  standards  promulgated  in  Method  1  (310  CMR 
40.0970),  which  indicate  the  need  for  remediation  when  exceeded,  can  also  be  used  as 
target  cleanup  levels  during  remediation,  as  can  Method  2  Standards. 

1.1.4    Evaluation  of  Remedial  Alternatives 

When  remedial  alternatives  utihzing  known  technologies  are  proposed,  it  is  often  possible 
to  project  the  effectiveness  of  those  technologies  in  reducing  contaminant  concentrations 
(and  thus  exposure  point  concentrations.)  When  the  capabihties  of  a  given  technology 
are  described  in  terms  of  likely  residual  concentrations,  then  a  risk  characterization  can 
be  performed  to  determine  if  that  technology  is  capable  of  achieving  a  condition  of  No 
Significant  Risk  at  the  site.  If  there  is  more  than  one  remedial  alternative  being 
considered,  then  the  relative  effectiveness  (particularly  the  cost  effectiveness)  of  the 
technologies  in  reducing  risk  may  be  an  important  factor  in  choosing  among  the 
alternatives. 


1.2       RISK   CHARACTERIZATION   &  RESPONSE  ACTION   OUTCOME   (RAO) 
STATEMENTS 

The  relevance  of  risk  assessments  to  Response  Action  Outcomes  is  discussed  in  the 
Introduction  Section,  and  the  regulations  specific  to  Response  Action  Outcomes  (or  RAOs) 
are  located  in  Subpart  J  (310  CMR  40.1000)  of  the  MCP.  This  guidance  document  focuses 
on  one  of  the  minimum  requirements  of  a  Response  Action  Outcome:  the  risk 
characterization  (310  CMR  40.1004(l)(a)).  It  does  not  present  detailed  guidance  on  all  of  the 
requirements  and  procedures  for  RAOs.  The  reader  is  referred  to  the  MCP  itself  and 
guidance  on  a  range  of  topics  issued  by  MADEP  (e.g.,  the  MCP  Q&A  pubUcations)  for 
additional  information. 

The  Response  Action  Outcome  Statement  &  Downgradient  Property  Status  Transmittal  Form 
(BWSC-104)  is  the  form  which  must  be  submitted  to  MADEP  along  with  the  docimientation 
which  supports  the  Response  Action  Outcome.  The  form  itself  and  written  guidance  on 
completing  the  form  are  available  from  MADEP,  through  the  Regional  Service  Centers  and 
the  Infoline. 
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The  general  requirements  (310  CMR  40.1003  and  40.1020)  for  achieving  a  Response  Action 
Outcome  include: 

•  A  level  of  No  Significant  Risk  must  exist  or  have  been  achieved  (Class  A  and 
Class  B  RAOs); 

•  Achieving  an  RAO  and  the  submitting  an  RAO  Statement  must  occur  within  the 
deadlines  estabUshed  by  the  MCP  or  by  the  Department; 

•  An  RAO  may  be  achieved  and  an  RAO  Statement  submitted  for  any  site,  disposal  site 
or  portion  of  a  disposal  site; 

•  The  boundaries  of  a  site  or  portion  of  a  disposal  site  to  which  the  RAO  is  applicable 
must  be  clearly  and  accurately  delineated; 

•  Each  source  of  oil  or  hazardous  material  must  be  eliminated  or  controlled  (for  Class  A 
and  Class  B  RAOs);  and 

•  Where  feasible,  at  any  disposal  site  or  portion  of  a  disposal  site  where  a  remedial 
action  is  taken  to  achieve  a  Permanent  Solution,  such  actions  must  achieve  or 
approach  background  levels  of  oil  or  hazardous  material. 


It  is  important  to  note  that  achieving  a  level  of  No 

Significant  Risk  is  just  one  of  several  requirements:   it 

should  be  thought  of  as  a  minimum  requirement,  not  the 

only  requirement.   Even  after  a  level  of  No  Significant 

Risk  has  been  achieved,  further  actions  may  be 

necessary  to  eliminate  continuing  sources  of  oil  or 

hazardous  material  to  the  environment  or  to 

achieve/approach  background  levels. 


Risk  assessors  and  site  managers  should  not  focus  on  the  results  of  the  risk  assessment  to 
the  exclusion  of  the  other  requirements  of  the  RAO.  A  cost  effective  approach  to  site 
management  and  remediation  would  ensure  that  all  of  the  requirements  of  a  Response 
Action  Outcome  are  considered  early  in  the  planning  of  remedial  strategies. 
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1.3   LEVEL  OF  EFFORT  APPROPRLVTE  TO  THE  ACTION  TAKEN 

Response  Action  Outcomes  may  be  achieved  at  any  time  during  the  MCP  process,  from  the 
time  of  notification  to  the  end  of  Phase  V  Operation,  Maintenance  and  Monitoring^  .  The 
timing  of  the  RAO  will  depend  upon  the  nature  and  extent  of  release  and  other  site-specific 
factors.  In  order  to  achieve  an  RAO,  the  RAO  Statement  must  be  submitted  with  evaluations 
and  assessments  of  sufficient  scope  and  detail  to  support  the  conclusion  that  all  the 
apphcable  MCP  requirements  have  been  met.  Recognizing  that  the  scope,  detail  and  level 
of  effort  necessary  to  meet  the  MCP  requirements  may  vary  from  site  to  site,  many  of  the 
requirements  of  the  regulations  are  written  in  terms  of  Performance  Standards  rather  than 
laying  out  specific  events  which  must  occur.  The  performance  standards  for  Response  Action 
Outcomes  are  listed  at  310  CMR  40.1004.  The  overall  performance  standard,  known  as  the 
Response  Action  Performance  Standard  (RAPS),  for  work  conducted  under  the  MCP  is  given 
at  310  CMR  40.0191.  Provision  is  also  made  for  exercising  professional  judgement  to  forgo 
certain  site  assessment  activities  based  upon  technical  justification  (310  CMR  40.0193.) 


3 

The  regulations  (310  CMR  40.0801  and  40.0810)  outline  five  phases  of  Comprehensive  Response  Actions  conducted 
pursuant  to  the  MCP:  (a)  Phase  I  Initial  Site  Investigation,  (b)  Phase  n  Comprehensive  Site  Assessment,  (c)  Phase  III 
Identification  and  Selection  of  Comprehensive  Remedial  Alternatives,  (d)  Phase  IV  Implementation  of  the  Selected  Remedial 
Action  Alternative,  and  (e)  Phase  V  Operation,  Maintenance  and/or  Monitoring. 
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2.0      SITE  CHARACTERIZATION 


2.1       CURRENT  AND  FORESEEABLE  USE 

This  section  of  the  Guidance  for  Disposal  Site  Risk  Characterization  describes  the  role  that 
site  use  plays  in  the  characterization  of  risk  under  the  MCP  requirements.  Topics  which  are 
covered  include  issues  to  consider  in  determining  the  current  and  the  reasonably  foreseeable 
uses  of  the  site  and  the  surroimding  environment,  how  limitations  may  be  placed  on  the 
foreseeable  use  in  order  to  limit  the  scope  of  the  risk  characterization  and  remediation,  and 
the  soil  and  groundwater  categories  estabhshed  by  MADEIP  as  measures  of  site  use. 

The  risk  characterization  methods  of  the  MCP  are  used  to  establish  whether  a  level  of  No 
Significant  Risk  exists  or  has  been  achieved  at  a  disposal  site  for  any  current  or  reasonably 
foreseeable  uses  of  the  site  and  surrounding  area.  The  use  of  a  site  and  siurounding  area 
determines  the  activities  which  occur  there  and  the  potential  for  exposures  which  could 
occur  there,  consistent  with  the  site  use.  In  order  to  adequately  evaluate  exposures,  the  risk 
characterization  must  identify  and  describe  the  site  activities  and  uses  associated  with  the 
disposal  site  and  surrounding  environment  (40.0923).  The  requirement  to  consider  site  use 
(both  current  and  foreseeable)  comes  from  the  definition  of  "no  significant  risk"  found  in 
M.G.L.  C.21E  3A(g).  The  risk  assessment  should  address  all  current  and  reasonably 
foreseeable  uses  and  activities  at  the  disposal  site  or  in  the  surrounding  environment  which 
could  result  in  exposiu*e  to  oil  and/or  hazardous  material  by  human  or  environmental 
receptors  (40.0923  (1)). 

In  this  document  the  terms  "activity"  and  "use"  are  both  employed  to  describe  himcian  or 
environmental  pursuits  which  could  result  in  exposure  to  human  or  environmental  receptors. 
As  used  here,  "use"  usually  refers  to  the  property  itself  and  is  generally  a  broader  term  than 
"activity",  which  is  used  here  to  describe  actions  by  a  receptor  which  could  potentially  result 
in  exposxire.  Zoning  terms,  such  as  "residential",  "commercial"  and  "industrial"  are  helpful 
but  incomplete  descriptors  of  exposure  potential. 

Knowledge  about  the  current  and  foreseeable  uses  of  the  site  is  necessary  to  identify 
exposure  points  and  exposure  pathways  and  to  classify  soil  and  groundwater.  The  e:q)osures 
to  be  evaluated  in  a  human  health  or  environmental  risk  assessment  depend  upon  the 
activities  which  could  occur  under  the  current  and  foreseeable  uses  of  the  land  and 
groundwater  at  the  site. 

The  MCP  recognizes  a  distinction  between  the  current  use  of  the  site  and  the  foreseeable 
use.  "Current"  is  actual  or  possible  given  current  circumstances,  while  "foreseeable"  has  not 
yet  occurred,  is  hypothetical  and  may  yet  be  changed  or  avoided.  Current  uses  and  activities 
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must  be  identified  and  evaluated  to  be  protective  of  present  receptors,  and  reasonably 
foreseeable  uses  and  activities  must  be  identified  to  be  protective  against  potential  future 
exposures  which  could  occur  if  no  action  were  taken  at  the  disposal  site.  f 

2.1.1  Current  Site  Activities  and  Uses 

Any  current  site  activities  and  uses  that  could  result  in  exposure  of  human  and/or 
environmental  (plants,  animals  and  their  habitats)  receptors  must  be  described  in  the  risk 
assessment.  The  current  use  (again,  use  is  the  broader  term)  of  the  site  may  be 
consistent  with  a  wide  range  of  site  activities  (activity  is  the  narrower  term),  some  of 
which  may  happen  to  be  occurring  at  the  time  of  the  risk  assessment,  but  all  of  which 
should  be  identified  and  assessed  as  a  current  activity.  For  example,  if  a  disposal  site 
with  soil  contamination  is  currently  used  as  residential  property,  the  risk  assessment 
should  evaluate  exposures  to  children  having  contact  with  the  soil,  regardless  of  the  age 
of  the  present  residents.  The  MCP  requires  that  activities  which  are  not  occurring  at 
the  time  of  the  assessment,  but  are  consistent  with  the  current  use  of  the  site,  must  be 
evaluated  (310  CMR  40.0923(2)). 

2.1.2  Reasonably  Foreseeable  Activities  and  Uses 

The  reasonably  foreseeable  activities  and  uses  should  include  any  possible  future  activity 
or  use  (310  CMR  40.0923(3)),  with  some  important  exceptions  described  below.  These 
foreseeable  uses  must  be  evaluated  in  the  risk  assessment  if  they  would  result  in  greater 
human  or  environmental  exposures  than  the  current  site  use:  in  other  words,  since  the 
current  site  use  must  be  evaluated,  there  is  httle  need  to  evaluate  foreseeable  uses  which 
would  result  in  less  exposure.  (This  is  an  important  point  in  streamlining  the  risk 
assessment  process,  since  there  are  theoretically  innumerable  possible  exposure  scenarios. 
For  a  given  site  the  risk  assessor  should  quantify  the  risks  only  for  the  most  exposed 
receptors  and  conclude  that  receptors  experiencing  similar  exposures  but  to  a  lesser 
degree  would  face  lesser  risks  than  those  estimated.) 

One  of  the  exceptions  to  the  "anything  is  foreseeable"  rule  is  drinking  water.  It  shoxild 
not  be  assumed  that  all  groundwater  is  a  foreseeable  source  of  drinking  water.  In 
determining  whether  or  not  the  foreseeable  use  of  site  groundwater  is  drinking  water, 
the  MADEP  criteria  hsted  at  310  CMR  40.0932(4)  must  be  used.  These  criteria  were 
developed  by  the  Commonwealth  of  Massachusetts  for  the  protection  of  its  groundwater 
resources.  By  these  criteria,  groundwater  which  is  either  a  current  or  potential  future 
source  of  drinking  water  is  categorized  as  GW-1  and  must  be  protected  for  this  use. 
Except  as  described  in  those  criteria  there  are  no  site-by-site  exceptions,  nor  can 
professional  iudsement  he  used  to  overrule  the  criteria.  The  GW-1  criteria  are  discussed 
in  more  detail  below. 
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Another  exception  to  the  "anything  is  foreseeable"  rule  is  that  the  owner  of  a  property 
may  rule  out  any  hypothetical  future  site  use  or  activity  for  that  property  throu^  an 
Activity  and  Use  Limitation  (AUL).  AULs  are  discussed  in  more  detail  below.  For 
example,  if  the  present  use  of  a  disposal  site  is  commercial  with  activities  which  pose 
limited  exposiu-e  potential  for  children,  receptor  exposures  would  be  evaluated  based 
upon  this  commercial  use/activity  scenario.  Exposures  evaluated  for  the  future  use  of 
the  property  would  include  foreseeable  residential  use  with  associated  activities  (including 
those  for  children)  unless  an  AUL  is  implemented  to  restrict  land  use.  One  possible 
outcome  would  be  the  appUcation  of  an  AUL  to  ensure  that  the  future  use(s)  and 
activities  for  the  property  remain  consistent  with  the  current  use,  in  which  case  the 
current  exposures  would  also  be  the  future  exposures. 

NOTE!:  If  the  risk  assessment  is  conducted  prior  to  implementation  of  an  AUL,  but  it  assumps  that  certam 
exposures  will  be  limited  by  the  planned  AUL,  the  risk  assessment  must  clearly  state  the  aggiima<i 
exposiu*e  limitations,  and  that  the  results  of  the  risk  assessment  will  not  be  valid  until  the  AULs  are 
in  place. 

2.1J3    Activity  and  Use  Limitations 

Activity  and  Use  Limitations  (AULs)  serve  several  purposes  (310  CMR  40.1012(4)).  First, 
they  provide  notice  to  futiu-e  owners  of  a  property,  abutters,  local  officials  and  MADEP 
as  to  what  uses  and  activities  are  consistent  with  a  level  of  No  Significant  Risk  at  the 
site.  Conversely,  they  describe  conditions  under  which  the  site  may  pose  a  significant 
risk  of  harm,  and  the  AUL  estabUshes  a  duty  to  evaluate  such  conditions  prior  to  any 
change  in  site  use.  Thus  AULs  are  declarations  of  the  acceptable  and  unacceptable  uses 
and  activities  for  a  site;  they  are  not  intended  to  permanently  restrict  changes  in  site  use 
as  much  as  to  ensure  that  any  proposed  changes  are  evaluated  considering  the  residual 
contamination  and  any  increased  exposure  likely  to  result  &om  changes  in  use  (310  CMR 
40.1080). 

An  AUL  may  apply  to  an  entire  property,  an  entire  site  or  to  some  portion  of  a  property 
or  site.  AULs  may  be  used  to  eliminate  entire  exposure  pathways  which  would  otherwise 
need  to  be  considered  in  the  evaluation  of  future  site  use. 

When  foreseeable  exposures  are  excluded  from  a  risk  assessment  because  of  an  AUL, 
documentation  and  description  of  the  AUL  is  a  fundamental  component  of  the  risk 
assessment.  In  such  cases  the  risk  assessment  is  only  vahd  when  an  adequate  and 
appropriate  AUL  is  in  place.  Basic  issues  regarding  AUL  implementation  are  presented 
in  a  Question  and  Answer  Format. 
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When  would  an  AUL  be  used? 

•  An  AUL  would  be  used  anytime  the  risk  characterization  is  performed  assuming  some 
restrictions  on  the  use  of  the  site  or  the  activities  which  would  occur  there. 

•  An  AUL  may  be  used  to  limit  the  number  of  site  uses  and/or  activities  which  would 
otherwise  be  evaluated  as  reasonably  foreseeable,  thereby  reducing  the  scope  of  the 
risk  characterization.  The  most  common  appUcation  of  an  AUL  would  be  to  limit  the 
site  use  and  activities  to  those  which  are  currently  occiu"ring.  Remediation  goals 
which  would  achieve  a  level  of  No  Significant  Risk  for  the  current  site  use  would  then 
be  acceptable  for  the  foreseeable  futm"e. 

When  are  AULs  not  necessary? 

An  Activity  and  Use  Limitation  is  not  required  if  the  site  is  acceptable  for  unrestricted 
use.    This  would  include  sites  where: 

•  Levels  of  oil  and  hazard  material  are  at  or  below  background  concentrations;  or 

•  For  sites  characterized  using  Methods  1  or  2,  the  levels  of  OHM  are  at  or  below 
appUcable  category  S-1  soil  standards; 

•  For  sites  characterized  using  Method  3,  no  limitations  on  site  use  were  assumed  or 
imphed  in  the  risk  characterization  (e.g.,  residential  use  of  the  site,  including 
imrestricted  access  to  all  soil,  including  soil  at  depth,  is  assumed  and  evaluated). 

•  residual  contamination  is  located  at  a  depth  greater  than  15  feet  from  the  ground 
surface;  or 

Another  situation  that  does  not  require  an  AUL  is  residual  contamination  located  within 
a  pubhc  way  or  within  a  rail  right-of-way.  These  areas  have  been  exempted  as  a  matter 
of  pohcy  because  the  deeds  are  held  differently  than  those  for  private  property,  and  are 
less  amenable  to  the  application  of  AULs. 

An  AUL  is  also  not  required  if  the  groundwater  is  determined  not  to  be  a  current  or 
foreseeable  source  of  drinking  water,  based  upon  MADEP  criteria.  While  this  is  a 
restricted-use  scenario,  the  fact  that  the  criteria  used  in  this  determination  were 
developed  by  MADEP  negates  the  need  for  an  AUL. 

An  AUL  is  not  required  when  under  ciurent  conditions  the  GW-2  Standards  are  exceeded 
and  the  depth  to  groundwater  is  less  than  15  feet,  but  there  are  no  occupied  structures 
on  the  site.   In  this  situation,  an  AUL  is  not  required  to  prevent  any  future  construction 
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at  the  site.  If  however,  construction  were  to  occur  at  the  site,  the  future  conditions 
would  have  to  address  meeting  the  GW-2  Standards. 

Finally,  AULs  are  not  required  but  mav  be  used  to  provide  notice  of  the  existence  of 
residual  contamination  at  a  disposal  site  where  all  substantial  hazards  have  been 
eliminated  and  where  all  apphcable  requirements  for  a  class  C  RAO  have  been  met 
pursuant  to  310  CMR  40.1050. 

Are  there  any  limitations  on  the  use  of  AULs? 

•  A  planned  or  proposed  AUL  may  never  be  used  to  limit  the  current  use/activities  of 
a  site.  Note,  however,  that  if  an  AUL  is  already  in-place  and  effective,  it  is  part  of 
the  current  use  of  the  site:  any  limitations  on  activity  or  use  which  it  achieves  can 
be  considered  in  the  risk  assessment.  For  example,  if  a  site  is  currently  used  as 
residential  property,  the  risk  assessment  should  evaluate  exposures  associated  with 
gardening  activities  such  as:  direct  contact  with  contaminated  soil,  incidental 
ingestion  of  soil  and  ingestion  of  vegetables  grown  in  the  soil.  If,  however,  prior  to 
the  risk  assessment  a  limitation  was  placed  on  the  property  identifying  gardening  as 
a  prohibited  activity,  and  that  AUL  is  determined  to  be  effective,  then  the  risk 
assessment  need  not  evaluate  exposures  from  gardening.  If  no  AUL  is  in  place  at  the 
time  of  the  risk  assessment,  gardening  exposiu-es  must  be  evaluated  whether  or  not 
gardening  activities  are  currently  occxu*ring. 

Who  may  place  the  AUL  on  the  disposal  site? 

The  property  owner  is  the  only  individual  who  can  limit  site  activities  and  uses  through 
the  use  of  an  AUL.  In  addition,  MADEP  may  impose  an  AUL  at  disposal  sites  where  it 
has  conducted  response  actions  or  at  sites  where  the  property  owner  fails  to  record  or 
register  an  environmental  restriction  (see  310  CMR  40.1073). 

Although  the  property  owner  is  ultimately  responsible  for  placing  AUL  on  the  site,  the 
decision  to  use  an  AUL  should  be  made  in  consultation  with  the  risk  assessor  and  the 
Licensed  Site  Professional  (LSP)  who  can  describe  the  costs  and  benefits  of  using  this 
tool. 

What  information  should  be  included  in  the  AUL? 

The  contents  of  the  AUL  are  specified  in  310  CMR  40.1071(2)  of  the  MCP.  In 
40.1071(2)(h)  through  (k),  the  regulations  describe  the  risk-related  information  contsuned 
in  an  Activity  and  Use  Limitation,  including  what  uses  and  activities  are  prohibited  on 
the  property,  conditions  necessary  to  maintain  a  level  of  No  Significant  Risk,  and  a 
description  of  the  permitted  activity  and  uses. 
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The  AUL  must  be  very  specific  as  to  the  portion  of  the  disposal  site  subject  to  the  use 
restrictions. 

How  should  an  AUL  be  referenced  in  the  risk  assessment? 

The  results  of  the  risk  assessment  are  based  upon  the  exposure  assumptions  utiUzed  in 
the  process.  The  exposure  assumptions  in  turn  are  based  upon  the  current  and 
foreseeable  uses  of  the  site.  The  conclusions  of  the  risk  assessment  must  therefore 
discuss  all  limitations  in  detail.  When  an  AUL  is  placed  on  the  disposal  site,  the  risk 
assessment  is  only  valid  and  apphcable  in  conj^mction  with  the  AUL. 

What  types  ofAULs  exist  under  the  MCP? 

The  MCP  at  310  CMR  40.1070  identifies  two  types  of  Activity  and  Use  Limitations:  an 
Environmental  Restriction  and  a  Notice  of  Activity  and  Use  Limitation.  The  specific 
requirements  for  each  type  of  limitation  are  delineated  in  the  MCP.  The  technical 
requirements  are  somewhat  different.  The  overall  purpose  of  both  limitations  is, 
however,  to  describe  the  type  of  use  and  specific  activities  that  will  be  allowed  at  the  site, 
and  those  activities  which  are  expressly  forbidden. 

•  The  general  requirements  of  an  Environmental  Restriction  are  delineated  in  310  CMR 
40.1071  (1).  The  basic  requirements  include:  submittal  to  the  Department  of  an  AUL 
Opinion  from  an  LSP  specifying  the  need  for  the  AUL,  the  activities  and  uses 
permitted,  prohibited  or  restricted,  and  any  obUgations  or  conditions  necessary  to 
maintain  a  level  of  no  significant  risk.  The  Grant  of  Environmental  Restriction  must 
be  signed  by  the  Commissioner  and  then  recorded  with  the  appropriate  Registry  of 
Deeds  and/or  Land  Registration  Office. 

•  The  general  requirements  of  the  Notice  of  Activity  And  Use  Limitation  are  found  at 
310  CMR  40.1074  (1).  The  basic  requirements  include:  (1)  submittal  to  the 
Department  of  an  AUL  Opinion  with  a  Response  Action  Outcome  (RAO)  Statement 
specifying  the  need  for  the  AUL,  the  activities  and  uses  to  be  permitted,  prohibited 
or  restricted,  and  any  obligations  or  conditions  necessary  to  maintain  a  level  of  no 
significant  risk,  and  (2)  the  property  owner  shall  record  and/or  register  any  AUL 
Notice  in  the  appropriate  Registry  of  Deeds  and/  or  Land  Registration  OfBce  and 
within  30  days  thereof  submit  a  certified  copy  to  the  Department. 

What  are  the  Limits  on  the  Use  ofAULs? 

The  apphcation  of  Activity  and  Use  Limitations  to  a  property  depends  upon  the  extent 
to  which  the  property  owner  wishes  to  restrict  the  use  of  that  property. 
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The  application  of  these  limitations  to  groundwater,  however,  is  somewhat  restricted.  A 
groundwater  aquifer  is  a  State  resource  and  therefore  its  foreseeable  use  is  determined 
by  the  State  and  not  by  the  individual  property  owner.  As  noted  above,  the 
determination  of  whether  or  not  the  groimdwater  is  a  drinking  water  resource  (GW-1) 
is  determined  in  accordance  with  the  criteria  listed  in  310  CMR  40.0932(4).  The  only 
situation  in  which  groundwater  that  has  been  classified  as  GW-1,  may  be  subjected  to  an 
Activity  and  Use  Limitation  is  when  the  groundwater  is  classified  as  GW-1  solely  on  the 
basis  of  the  presence  of  private  drinking  water  wells  within  500  feet 
(310  CMR  40.0932(5)(d)).  An  Environmental  Restriction  (riot  a  Notice  of  Activity  and  Use 
Limitation)  may  be  appHed  to  restrict  the  use  of  groundwater  if  and  only  if: 

•  the  private  wells  are  abandoned; 

•  the  properties  previously  supphed  with  drinking  water  by  those  wells  are  tied  into  a 
pubhc  drinking  water  distribution  system;  and 

•  the  affected  property  owners  agree  to  place  an  Elnvironmental  Restriction  on  their 
property. 

The  properly  executed  Environmental  Restriction  must  then  be  recorded.  The  restriction 
will  serve  to  prohibit  the  placement  of  private  wells  or  to  reactivate  closed  wells  on  the 
property  in  the  reasonably  foreseeable  future. 

2.1.4    Groundwater  and  Soil  Categories 

The  MCP  estabhshes  categories  of  groundwater  and  soil  which  should  be  utiUzed  in 
characterizing  risk  posed  by  a  disposal  site.  Groundwater  and  soil  must  be  categorized 
when  conducting  a  risk  assessment  regardless  of  the  method  selected.  When  utilizing 
either  Method  1  or  Method  2  it  is  necessary  to  categorize  the  soil  and  groundwater  so 
that  the  appropriate  soil  and  groundwater  standards  will  be  used.  The  groundwater  and 
soil  standards  for  Methods  1  and  2  are  hsted  in  310  CMR  40.0974(2),  310  CMR 
40.0975(6)(a)(b)  and  (c),  and  310  CMR  40.0985(6).  When  conducting  a  Method  3  risk 
assessment  the  soil  and  groundwater  categories  should  also  be  identified  to  aid  in  the 
development  of  exposure  profiles  and  to  identify  apphcable  or  suitably  analogous 
standards  as  described  in  310  CMR  40.0993(3).  Finally,  it  is  necessary  to  have  categorized 
soil  and  groundwater  prior  to  placement  of  any  Activity  or  Use  Limitations  at  the  site. 
Specific  guidance  on  the  classification  of  soil  and  groimdwater  at  a  site  is  discussed  below. 

2.1.4.1       Categorization  of  Groundwater 

The  MCP  identifies  three  types  of  applicable  groundwater  categories  in  310  CMR  40.0932, 
which  are  described  as  GW-1,  GW-2  and  GW-3.  These  groundwater  categories  were 
estabhshed  to  identify  groundwater  associated  with  three  distinct  types  of  exposiu-es:  its 
use  as  drinking  water,  as  a  source  of  indoor  air  contamination,  and  as  a  soiu-ce  of  surface 
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water  contamination.  Because  these  exposures  of  concern  are  not  necessarily  related  to 
each  other,  they  are  not  mutually  exclusive:  Groundwater  may,  at  the  same  time,  be 
used  as  drinking  water,  be  a  threat  to  indoor  air  and  discharge  to  surface  water,  in  which 
case  it  would  be  considered  to  be  categories  GW-1,  GW-2  and  GW-3. 

At  any  disposal  site  more  than  one  groundwater  calory  may 
be  applicable  within  the  aquifer. 


Note  also  that  MADEP  assumes  that  all  groundwater  eventually  discharges  into  surface 
water,  and  thereby  acts  as  a  source  of  contamination  to  that  water  body.  Since  the  GW-3 
Standards  are  based  upon  this  assumption,  the  GW-3  Standards  are  applicable 
everywhere. 

All  groundwater  is  considered  to  he  GW-3. 

In  addition,  there  may  be  disposal  sites  where  groundwater  in  one  area  is  classified  as  one 
category  and  another  area  is  classified  as  a  different  category,  even  though  the 
groundwater  in  both  areas  is  part  of  the  same  aquifer. 

Groundwater  Category  GW-1 

Groundwater  GW-1  is  considered  to  be  either  a  current  or  future  source  of  drinking 
water,  and  the  MOP  describes  six  criteria  (310  CMR  40.0932(4))  which  are  used  to 
identify  aquifers  which  should  be  protected  for  this  use.  If  it  is  determined  that  the 
groundwater  at  a  site  meets  any  one  of  these  criteria,  its  current  and  foreseeable  use 
must  be  described  as  being  a  source  of  drinking  water.  The  criteria  are: 

(a)  the  groundwater  is  within  a  Zone  U; 

(b)  the  groundwater  is  within  an  Interim  Wellhead  Protection  Area; 

(c)  the  groundwater  is  within  a  Potentially  Productive  Aquifer; 

(d)  the  groundwater  is  within  the  Zone  A  of  a  Class  A  Surface  Water  Body; 

(e)  the  groundwater  is  located  five  hundred  (500)  feet  or  more  from  a  public  water  sgrstem 
distribution  pipeline;  or 

(f)  the  groundwater  is  located  within  five  hundred  (500)  feet  of  a  private  water  supply  well  that 
was  in  use  at  the  time  of  notification  pursuant  to  310  CMR  40.0300  and  was  installed  in 
conformance  with  any  applicable  laws,  by-laws  or  regulations. 
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The  terms  used  in  the  classification  criteria  above  are  defined  at  310  CMR  40.0006(11) 
as  follows: 

•  The  Zone  11  is  defined  as  "that  area  of  an  aquifer  which  contributes  water  to  a  well 
under  the  most  severe  ptimping  recharge  conditions  that  can  be  realistically 
anticipated,  as  approved  by  the  Department's  Division  of  Water  Supply  pursuant  to 
310  CMR  22.00. 

•  The  Interim  Wellhead  Protection  Area  (IWPA)  is  defined  as  meaning: 

(1)  with  respect  to  public  water  supply  wells  and  wellfields  whose  pumping  rate  is  one  hundred 
thousand  (100,000)  gallons  per  day  or  greater  and  for  which  the  Department  has  not 
approved  a  hydrologically  delineated  Zone  U,  the  one-half  mile  (2640')  radius  surrounding 
such  well  or  wellfield;  and 

(2)  with  respect  to  public  water  supply  wells  and  wellfields  whose  pumping  rate  is  less  than  one 
hundred  thousand  (100,000)  gallons  per  day  and  for  which  the  Department  has  not  approved 
a  hydrologically  delineated  Zone  11,  the  radius  calculated  by  multiplying  the  maximum 
pumping  rate  in  gallons  per  minute  for  such  well  or  wellfield  by  thirty-two  (32)  and  adding 
four  hundred  (400)  feet  thereto  (i.e.  IWPA  =  (32)  (y)  +  (400);  where  y  =  pumping  rate  in 
gallons  per  minute.) 

•  A  Potentially  Productive  Aquifer  is  defined  as: 

(a)  all  aquifers  delineated  by  U.S.  Geological  Survey  (USGS)  as  a  high  or  medium  3rield  aquifer, 
except  for  any  portion  of  a  high  or  medium  3deld  aquifer's  surface  area  that  is  located  in  a 
municipaUty  with  a  population  density  equal  to  or  greater  than  4,400  persons  per  square 
mile  (based  on  the  most  recent  U.S.  Census);  and 

(b)  all  aquifers  located  east  of  the  Cape  Cod  Canal  (Cape  Cod),  on  the  Elizabeth  Islands,  on 
Martha's  Vineyard,  or  on  Nantucket. 

Note  (7/95):  The  Potentially  Productive  Aquifer  (PPA)  definition  is  current  under 
review.  Revisions  to  the  MCP  related  to  PPA  designation  and  GW-1  categorization 
will  be  finalized  by  the  fall  of  1995.  Readers  should  be  sure  to  consult  the  latest 
version  of  the  regulations  for  changes  in  this  area. 

•  A  public  water  supply  is  defined  as  "a  source  of  water  supply,  including,  but  not 
limited  to,  primary,  backup  and  emergency  sources,  utilized  by  a  pubhc  water  system." 
The  terms  "public  water  supply",  "primary  source",  and  "emergency  soiu*ce"  are  defined 
at  310  CMR  22.02. 
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•  A  private  water  supply  is  defined  as  "  a  well  which  is  utihzed  by  a  private  water 
system."  The  system  provides  for  "  piped  water  for  human  consumption  which  has 
fifteen  (15)  or  less  service  connections  or  does  not  regularly  serve  an  average  of  at 
least  twenty-five  (25)  individuals  daily  at  least  60  days  of  the  year." 

Note  that  there  is  some  flexibihty  in  the  regulations  to  consider  site-specific  factors,  but 
this  flexibility  is  limited  to  the  following  conditions.  The  MCP  describes  particular 
situations  in  which  the  groundwater  which  normally  would  be  classified  as  GW-1  may  be 
otherwise  classified.  These  situations  are  described  at  310  CMR  40.0932  (5)(a)(b)(c)(d), 
and  are  summarized  below. 

•  If  the  groundwater  would  be  classified  as  GW-1  solely  on  the  basis  of  the  groundwater 
being  located  within  an  Interim  Wellhead  Protection  Area,  and  it  can  be  demonstrated 
that  the  groundwater  is  hydrologically  downgradient  of  the  public  supply  well,  or  cross 
gradient  and  outside  the  zone  of  contribution  for  the  pubUc  well,  or  that  a 
hydrogeologic  barrier  exists  between  the  site  and  the  supply  well,  then  the 
groundwater  need  not  be  classified  as  GW-1. 

•  If  the  groundwater  would  be  classified  as  GW-1  solely  on  the  basis  that  it  is  located 
within  a  Potentially  Productive  Aquifer  (PPA),  it  need  not  be  classified  as  GW-1  if  the 
regional  or  site  characteristics  meet  MCP  criteria  for  exclusion  from  GW-1.  DEP  is 
currently  (7/95)  revising  the  section  of  the  MCP  regarding  portions  of  PPAs  that  need 
not  be  classified  as  GW-1  Readers  should  be  sure  to  consult  the  latest  version  of  the 
regulations  for  changes  in  this  area. 

•  If  the  groundwater  would  be  classified  as  GW-1  solely  on  the  basis  of  the  site  being 
located  greater  than  500  feet  from  a  pubUc  water  supply  distribution  line,  it  need  not 
be  classified  as  such  if  any  portion  of  the  parcel  or  facility  is  within  500  feet  of  such 
a  pipeline. 

•  Finally,  if  the  groundwater  at  the  site  would  be  classified  as  GW-1  because  the 
location  is  within  500  feet  of  a  private  well,  it  need  not  be  so  classified  if  specific 
requirements  are  met  such  as  connecting  the  properties  to  a  pubUc  water  supply  and 
registering  an  environmental  restriction  on  the  groundwater.  (See  the  previous 
discussion  of  limits  on  use  of  AULs). 
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Groundwater  Category  GW-2 

Groiindwater  can  also  serve  as  a  source  of  volatile  contaminants  to  indoor  air,  and 
MADEP  established  a  groundwater  category  to  identify  circumstances  under  which  such 
an  impact  may  be  likely.  Groundwater  will  be  classified  as  GW-2  when  it  is  located 
within  thirty  (30)  feet  of  an  occupied  building  or  structiu-e  and  the  average  annual  depth 
to  groundwater  in  the  area  is  fifteen  (15)  feet  or  less.  Note  that  for  certain  chemicals 
(particularly  chlorinated  hydrocarbons)  the  GW-2  standards  are  more  stringent  than  the 
GW-1  or  GW-3  standards. 

Groundwater  Category  GW-3 

All  groxmdwater  in  the  Commonwealth  is  classified  as  GW-3.  GW-3  standards  are  based 
upon  discharge  to  surface  water.  All  groundwater  is  deemed  to  ultimately  discharge  to 
siuface  water.  Note  that  for  certain  chemicals  (some  metals  and  pesticides)  the  GW-3 
standards  are  more  stringent  than  the  GW-1  or  GW-2  standards. 

2.1.4.2       Categorization  of  Soil 

In  accordance  with  the  MCP  310  CMR  40.0933  soil  at  each  disposal  site  must  be 
categorized  as  either  category  S-1,  S-2  or  S-3.  The  soil  categories  are  based  upon  the 
potential  for  exposure.  Category  S-1  is  associated  with  the  highest  potential  for  exposure 
and  Category  S-3  is  associated  with  the  lowest  potential  for  exposure.  Sites  which  meet 
apphcable  S-2  or  S-3,  but  not  S-1,  soil  standards  must  implement  an  Activity  and  Use 
Limitation  to  ensure  that  the  soil  category  does  not  change  without  further 
assessment/remediation. 

When  categorizing  soil  at  a  disposal  site,  it  is  important  to  note  that  the  category  is  based 
upon  several  factors  described  below.  Any  particular  disposal  site  may  have  more  than 
one  category  of  soil  present  at  the  same  time. 

The  factors  to  be  considered  in  categorizing  the  site  soil  include: 

1)  the  type  of  receptor  present  at  the  disposal  site; 

2)  the  frequency  of  use; 

3)  the  intensity  of  use;  and 

4)  the  accessibility  of  the  soil. 

Each  of  these  factors  is  discussed  briefly  in  the  following  paragraphs. 
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Receptor 

The  type  of  receptor  at  the  disposal  site  must  be  considered  when  determining  the 
appropriate  soil  category.  The  receptor  should  be  identified  as  a  child  or  an  adult.  If 
both  children  and  adults  are  present  at  the  site  then  the  soil  should  be  categorized  based 
upon  whichever  would  result  in  the  most  stringent  soil  category  (e.g.,  and  if  the  adult's 
exposure  is  more  intense,  the  soil  should  be  categorized  based  upon  the  adult's 
exposures).  The  MCP  defines  a  child  at  40.0933(4)(a)(4)  as  an  individual  age  15  or  under. 

Freouencv 

Frequency  of  exposure  describes  how  often  a  receptor  has  access  to  or  use  of  the  disposal 
site.  The  frequency  of  use  is  addressed  in  the  MCP  at  40.0933  (4)(a)  and  is  classified  as 
either  "high"  or  "low".  When  evaluating  frequency  the  risk  assessor  should  be  considering 
how  often  a  receptor  comes  to  the  disposal  site,  not  how  often  the  receptor  comes  into 
contact  with  contaminated  soil  (i.e.,  the  frequency  term  would  not  be  reduced  if  the 
contamination  were  located  at  depth  -  the  depth  of  the  soil  in  question  is  considered 
separately  under  "accessibility"). 

Intensitv 

The  intensity  of  use  considers  activities  which  may,  by  their  nature,  result  in  more 
contact  with  contaminated  soil.  Intensity  should  be  classified  as  "high"  or  "low".  High 
intensity  activities,  such  as  gardening,  digging  or  recreational  sports  would  result  in  a 
greater  exposure  to  the  soil.  Low  intensity  activities,  such  as  walking  could  still  result 
in  exposure  to  soil,  but  to  a  lessor  degree. 

Accessibility 

The  accessibihty  of  the  soil  relates  to  the  depth  of  the  contaminated  soil  and  whether 
there  is  any  covering  of  the  soil,  by  paving,  a  building  or  clean  soil  cover.  Soil  is 
classified  as  either  "accessible",  "potentially  accessible"  or  "isolated".  The  criteria  for 
determining  which  classification  is  applicable  to  the  soil  are  identified  at  40.0933  (4Kc). 
Note  that  in  determining  that  soil  is  either  "potentially  accessible"  or  "isolated"  it  is 
assumed  that  the  soil  will  not  become  accessible  (because  no  excavation  is  anticipated  or 
it  is  assumed  that  the  asphalt  surface  will  remain  intact),  and  these  assumptions  would 
be  reinforced  with  an  Activity  and  Use  Limitation. 

To  assist  in  categorizing  soil,  a  matrix  is  provided  in  the  MCP  at  40.0933(9).  This  Table 
is  reproduced  on  the  following  page. 
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2.2       DETERMINING  THE  NATURE  AND  EXTENT  OF  CONTAMINATION 

This  section  provides  guidance  on  determining  the  nature,  extent,  distribution  and  severity 
of  contamination  for  the  purpose  of  assessing  exposiu^es  at  disposal  sites.  Exposure 
assessment  is  only  one  of  the  many  purposes  for  which  chemical  data  is  collected  at  2  IE 
sites.  Other  appUcations  include  delineating  the  extent  of  contamination,  identifying 
contaminants,  comparing  site  concentrations  with  background  levels.  These  and  other 
apphcations  are  discussed  briefly  in  Section  2.2.2  to  show  how  different  types  of  data  are 
used  in  site  assessments  and  to  put  the  data  quahty  needs  of  the  risk  assessment  into 
perspective.  However,  the  emphasis  in  this  chapter  is  on  the  data  needed  for  the  risk 
assessment  itself. 

This  chapter  is  also  limited  to  data  on  environmental  contaminant  concentrations.  Other 
kinds  of  data  are  often  used  in  risk  assessments,  particularly  in  evaluating  plant  and  animal 
exposures.  Examples  of  such  parameters  include  the  hardness  of  surface  water  and  the 
organic  carbon  content  of  sediment.  Such  supplementary  parameters  are  described  in  more 
detail  in  Section  9.0.  This  section  appUes  primarily  to  chemical  concentrations  in 
environmental  media,  such  as  soil  and  groundwater. 

The  Massachusetts  Contingency  Plan  (MCP)  sets  investigation  and  cleanup  requirements  in 
terms  of  a  general  performance  standard,  rather  than  detailed  procedural  directives.  The 
performance  standard  is  referred  to  as  Response  Action  Performance  Standard  (RAPS).  The 
MCP  (310  CMR  40.0191(1))  states  that  the  Response  Action  Performance  Standard  is  the 
level  of  diUgence  reasonably  necessary  to  obtain  the  quantity  and  quality  of  information 
adequate  to  assess  a  site  and  evaluate  remedial  action  alternatives,  and  to  design  and 
implement  specific  remedial  actions  at  a  disposal  site  to  achieve  a  level  of  No  Significant 
Risk....".  Thus,  the  investigation  and  cleanup  measures  may  vary  from  site  to  site,  but  in 
each  case  they  must  be  sufficient  to  meet  the  goal  of  determining  and  achieving  a  condition 
of  "No  Significant  Risk". 

2.2.1    Data  Quality  Considerations 

A  comprehensive  discussion  of  data  quahty  issues  and  criteria  is  presented  in  EPA's 
Guidance  for  Data  Useability  in  Risk  Assessments  (subsequently  referred  to  as  the 
Useability  Guidance).  Although  that  document  was  written  for  remedial  investigations 
at  Federal  Superfund  Sites,  the  principles  of  data  quahty  evaluation  contained  in  it  are 
broadly  apphcable.  Data  quahty  considerations  should  underpin  the  development  of 
sampling  plans  and  the  selection  of  analj4;ical  methods  for  all  MCP  site  investigations. 

Much  of  this  section  is  taken  directly  from  the  Useability  Guidance.  That  guidance 
outlines  criteria  that  can  be  used  to  evaluate  the  adequacy  and  apphcabihty  of  data  in  a 
risk  assessment.    The  data  quality  criteria  include: 
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Data  Sources 

Data  from  various  sources  may  be  used  in  a  typical  site  investigation.  Examples  of 
sources  of  analytical  data  are:  (1)  Fixed  (stationary)  laboratory  analyses,  which 
provide  detailed  information  for  a  wide  range  of  analytes,  and  are  critical  to 
quantitative  risk  assessment  and  site  characterization,  (2)  Field  laboratory 
analyses,  which  are  performed  using  instruments  and  procedures  equivalent  to  fixed 
laboratory  analyses,  and  can  provide  defensible  data  if  equivalent  quality  control 
procedures  are  implemented,  and  (3)  Field  screening  techniques,  which  are  usually 
performed  to  provide  a  preliminary  estimate  of  the  type  and  concentration  of 
chemicals  of  concern.  Different  labs  may  also  be  considered  different  sources.  Data 
sources  must  be  comparable  for  data  to  be  combined  for  use  in  quantitative  risk 
assessment. 

Documentation 

Sampling  and  analysis  procedures  must  be  documented  thoroughly  and  accurately  in 
order  to  verify  that  the  analysis  was  conducted  as  reported,  and  that  the  data  are 
reliable.  Foiu-  types  of  documentation  generally  produced  in  support  of  analyticsl  data 
are: 

•  Sampling  and  analysis  and  quahty  assm-ance  plans; 

•  Standard  operating  procedures,  the  use  of  which  assures  consistency  in  sampling 
and  analysis  and  reduces  the  level  of  error  associated  with  data  collection; 

•  Field  anal5^ical  records  which  docimaent  the  analytical  procedm*es  and  quahty 
assurance  measures  used  in  field  analysis,  as  well  as  the  data  obtained  from  such 
projects.  (Note:  fixed  laboratory  analytical  records  are  normally  maintained  by  the 
labs  themselves,  and  are  not  generally  reproduced  for  individual  projects  imless 
requested); 

•  Chain  of  custody  records,  which  estabUsh  the  history  and  handling  of  each  sample 
from  collection  to  analysis.  Chain  of  custody  reports  do  not  affect  the  quantitative 
estimates  of  risk,  but  provide  some  of  the  information  necessary  for  all  interested 
parties  to  have  confidence  in  the  data  and  the  risk  estimate. 

Analytical  Methods  and  Detection  Limits 

The  term  detection  limit  is  often  used  without  qualification,  but  it  is  a  very  general 
term.  There  are  several  methods  of  calculating  the  detection  limit,  and  the  method 
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used  in  the  risk  assessment  should  always  be  specified  in  the  report.  Types  of 
detection  limits  include: 

•  Instrument  detection  limit  (IDL)  includes  only  the  instrument  portion  of 
detection,  not  sample  preparation,  concentration/dilution  factors,  or  method 
specific  parameters; 

•  Method  detection  limit  (MDL)  is  the  minimima  amount  of  an  analyte  that  can  be 
routinely  identified  using  a  specific  method; 

•  Sample  quantitation  limit  (SQL)  is  the  MDL  adjusted  to  reflect  sample-spedflc 
action,  such  as  dilution  or  use  of  a  smaller  sample  ahquot  for  analysis  due  to 
matrix  effects  the  high  concentration  of  some  analytes; 

•  Practical  quantitation  limit  (PQL)  is  defined  in  the  SW846  Methods  and  is  the 
lowest  level  that  can  be  rehably  achieved  within  specified  limits  of  precision  and 
accuracy  during  laboratory  operating  conditions. 

The  project  manager  should  specify  to  the  laboratory  what  type  of  detection  limits  are 
to  be  reported.  The  sample  quantitation  limit  (SQL)  should  be  reported 
whenever  possible.  The  SQL  is  the  actual  detection  limit  for  the  specific  sample 
and  analysis  being  reported.  The  MDL  or  PQL,  which  are  reported  more  often,  are 
typical  values  for  the  method,  but  may  not  represent  the  actual  detection  limit  for 
the  analysis  under  consideration. 

« 

For  the  risk  assessment,  analytical  methods  with  detection  limits  well  below 
concentrations  of  potential  concern  should  be  selected.  When  chemicals  are  reported 
at  concentrations  near  the  detection  limit,  the  data  have  a  greater  possibility  of 
containing  false  negative  and  false  positive  results.  If  detection  limits  of  conventional 
methods  are  near  concentrations  of  concern  for  the  chemical(s)  being  evaluated,  then 
an  analytical  chemist  should  be  consulted  to  assist  in  identifying  alternative  methods. 
The  Useabihty  Guidance  presents  a  comprehensive  discussion  of  the  possibility  of 
false  positive  or  false  negative  results  when  the  confidence  limits  of  the  detection 
limits  overlap  or  fall  above  the  confidence  limits  of  the  concentrations  of  concern. 

Data  Quality  Indicators 

Data  quaUty  indicators  provide  quantitative  measures  of  data  quahty.  Those  suggested 
in  the  EPA  Useability  Guidance  are  summarized  below: 
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Completeness  -  indicates  whether  the  range  of  contaminant  concentrations,  the 
suite  of  contaminants  detected  and  the  extent  of  contamination  in  environmental 
media  at  the  site  are  fully  represented  in  the  data  set; 

Comparabihty  -  relates  to  whether  data  sets  from  different  sources  or  different 
time  periods  are  equivalent; 

Representativeness  -  refers  to  the  extent  to  which  the  data  used  to  estimate 
exposure  point  concentrations  define  the  true  nature,  extent  and  concentrations 
of  the  contaminants  of  concern  to  which  receptors  may  be  ^q)osed; 

Precision  -  is  a  measure  of  data  variability  introduced  by  measurement  error, 
which  is  governed  by  a  combination  of  sample  collection  and  analytical  factors; 

Acciu*acy  -  provides  a  measure  of  the  closeness  of  the  reported  concentration  to 
the  true  value. 

Each  of  these  indicators  has  different  meanings  for  sampling  than  for  analysis.  A 
comprehensive  discussion  of  the  implications  of  each  indicator  is  presented  in  the  EPA 
Useability  Guidance.  The  quahty  of  data  with  respect  to  these  indicators  is  an  important 
factor  in  determining  its  useabihty  for  risk  assessment  purposes. 

2.2.2      Selection  of  Analytical  Methods 

Analytical  Methods  and  Procedures 

The  precision,  accuracy  and  sensitivity  of  different  anal5^ical  procediu-es  vary  widely. 
Furthermore,  some  laboratory  settings  are  more  amenable  than  others  to  implementing 
and  docimienting  rigorous  quahty  assurance/quahty  control  (QA/QC)  procedures. 
Analj^ical  procedures  can  be  divided  into  3  general  categories:  (1)  procedures  conducted 
in  commercial  fixed  (stationary)  laboratories,  imder  established  quahty  assurance 
programs,  with  well  documented  QA/QC  procedures,  using  published  anal3rtical  protocols; 
(2)  procedures  conducted  in  field  (mobile  or  temporary)  laboratories,  using  the  same 
equipment  and  protocols  as  are  employed  in  fixed  laboratories;  and  (3)  field  screening 
techniques,  which  generally  involve  compromises  in  analytical  procedure  and  overall  data 
quahty.  This  differentiation  is  useful  for  the  purposes  of  this  document,  but  is  not  a 
universally  accepted  categorization. 

Under  these  definitions,  field  laboratory  procedures  are  essentially  equivalent  to  fixed 
laboratory  methods  with  respect  to  analytical  methods,  equipment  and  conditions,  sample 
preparation,  QA  plan  and  QC  procedure,  and  documentation  of  QA/QC  procedures, 
operating  conditions  and  personnel  qualifications.   Although  there  are  exceptions,  data 
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from  analyses  done  in  commercial  (fixed)  laboratories  are  usually  preferable  to  data  from 
field  labs  because  the  latter  generally  do  not  operate  within  an  established  quality 
assurance  program.  As  a  result,  extensive  project-specific  quaUty  assurance 
documentation  and  review  is  needed  to  demonstrate  equivalency  with  fixed  lab  data. 
(Note  that  under  this  definition,  most  of  the  gas  chromatography  work  that  is  currently 
conducted  in  the  field  falls  into  the  screening  category,  and  is  not  considered  field 
analysis.) 

Compared  with  protocols  carried  out  in  fixed  or  field  laboratories,  screening  methods 
involve  some  procediu*al  compromises  or  shortcuts.  One  example  of  such  a  shortcut  is 
using  measurements  of  concentrations  in  one  mediiun  to  estimate  concentrations  in  a 
different  mediimi,  as  is  done  in  headspace  screening  of  contaminated  groundwater  or  soil. 
Another  shortcut  is  the  use  of  sample  preparation/extraction  techniques  that  are  less 
rigorous  than  those  followed  in  a  laboratory.  One  very  common  compromise  is  the  use 
of  simple  instrumentation  that  does  not  produce  substance  specific  results,  for  example 
organic  vapor  analyzers.  Such  techniques  save  either  time  or  money  or  both,  but  lead 
to  compromises  in  overall  data  quaUty. 

The  Massachusetts  Contingency  Plan  clearly  supports  the  use  of  professional 
judgement  in  selecting  the  analytical  method  most  appropriate  for  a  specific 
purpose.    In  Section  310  CMR  40.0017,  the  MCP  states: 

Procedures  and  methodologies  employed  for  the  collection  and  analysis  of ...  samples 
shall  consist  of: 

(1)  methods  published  by  the  Department,  EPA... 

(2)  modification  of  published  methods... 

(3)  unpublished  methods,  including  screening  methods,  provided  that  such  methods  are 
scientifically  valid  and  are  of  known  and  demonstrated  level  of  precision,  accuracy  and 
are  completely  described  and  documented  in  response  action  submittals. 

When  faced  with  a  choice  of  potentially  appUcable  analytical  methods  (for  example  the 
500  or  600  series  methods  for  groundwater  analysis),  project  managers  should  exercise 
professional  judgement  consistent  with  the  RAPS  provisions  of  the  MCP  in  selecting  the 
appropriate  method.  Cost  is  an  important  factor,  but  it  should  not  be  the  primary 
consideration.  Above  all,  the  quahty  of  the  data  must  be  adequate  for  the  specific 
purposes  for  which  it  will  be  used. 

With  respect  to  data  quahty  indicators  Usted  in  the  preceding  section,  field  screening 
methods  can  differ  substantially  from  fixed  or  field  laboratory  procedures.  Screening 
procedures  often  produce  data  of  adequate  quality  with  respect  to  only  a  limited  number 
of  data  indicators.  However,  not  all  of  the  listed  data  quality  indicators  are 
relevant  to  every  decision  point  in  a  site  assessment.  Although  the  overall  quahty 
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of  data  from  a  screening  method  may  be  compromised,  these  data  may  nevertheless  be 
of  adequate  quality  and  provide  the  information  needed  for  some  purposes. 

In  addition  to  differences  in  data  quahty  indicators,  screening  techniques  often  differ 
from  fixed  and  field  laboratory  procedures  in  sensitivity  and  specificity. 

Specificity  is  the  abihty  of  the  technique  to  differentiate  between  a  certain  substance  and 
other  similar  chemicals.  Sensitivity  is  the  abiUty  of  the  technique  to  detect  contaminants 
at  the  lower  end  of  the  range  of  concentrations  of  concern,  and  is  expressed  by  the 
detection  limit. 

The  most  important  factors  to  consider  in  determining  the  appHcabihty  of  data  from  a 
particular  screening  technique  are: 

*  Sensitivity 

*  Specificity 

*  Comparabihty 

*  Precision 

*  Accuracy 

The  factors  on  this  hst  will  be  referred  to  as  "data  quality  characteristics"  throughout  the 
remainder  of  this  document.  The  applicability  of  screening  data  at  a  particular 
decision  point  depends  on  the  match  between  the  data  quality  characteristics 
of  the  screening  data  in  question  and  those  that  are  relevant  to  the  decision 
point  of  concern.  The  following  paragraph  describes  the  disposal  site  decisions  for 
which  analytical  data  are  used.  For  different  decisions,  the  relevant  data  quahty 
indicators  and  data  quahty  characteristics  may  vary. 

Site  Assessment  Decisions 

In  the  site  assessment  process,  there  are  several  decision  points,  or  assessment 
components,  where  data  are  applied.    These  include: 

(1)  determining  the  presence  or  absence  of  contamination  at  a  site  or  a  portion  of  a 
site;  delineating  the  extent  of  contamination; 

(2)  identifying  the  contaminants  present; 

(3)  comparing  site  concentrations  with  background  concentrations; 

(4)  deciding  where  to  focus  sampling  efforts; 

(5)  estimating  exposure  point  concentrations; 

(6)  monitoring  remediation  processes;  and 

(7)  verifying  remediation  effectiveness. 
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Each  of  the  first  three  decision  points  hsted  above  are  basic  components  of  the  risk 
assessment  in  that  they  define  and  Umit  the  scope.  For  example,  the  determination  of 
where  contamination  is  present  and  absent  (dehneating  the  extent  of  contamination)  is 
a  basic  component  of  the  exposm^e  assessment.  Although  such  decisions  are  often  thought 
of  as  being  separate  from  the  risk  assessment,  the  vaUdity  of  the  risk  assessment  depends 
in  part  upon  correctly  identifying  and  delineating  the  extent  or  the  contamination. 

The  fifth  decision  point  listed  here,  estimating  exposure  point  concentrations,  is  more 
commonly  thought  of  as  the  decision  point  that  relates  site  investigation  activities  to  the 
risk  assessment.  In  principle  it  is  no  more  important  than  determining  the  presence  or 
absence  or  delineating  the  extent  of  contamination.  Nevertheless,  as  discussed  in  the 
following  section,  the  data  quality  requirements  for  estimating  exposure  point 
concentrations  are  generally  more  stringent  than  for  some  of  the  other  site  assessment 
decisions. 

Applicability  of  Screening  Data  to  Site  Assessment  Decisions 

To  decide  whether  a  specific  screening  method  is  a  technically  sound  approach  at  any 
point  in  a  site  assessment,  one  has  to  think  about  exactly  what  kind  of  information  is 
needed  to  answer  the  specific  question.  The  assessor  must  determine  whether  the  data 
quality  characteristics  of  the  screening  data  match  the  data  quahty  needs  for  the  decision 
point  in  question. 

By  definition,  every  screening  method  has  certain  limitations  relative  to  standard 
laboratory  techniques.  If  the  limitations  of  a  proposed  screening  method  are  not  relevant 
to  the  question  at  hand,  then  the  screening  data  are  effectively  equivalent  to  lab  data  for 
the  purpose  in  question. 

For  example,  suppose  that  data  were  needed  to  determine  the  bounds  of  the  area 
contaminated  by  specific  substances.  From  a  regulatory  perspective,  the  most  important 
data  quality  characteristics  are  analytical  sensitivity  to  the  contaminants  of  potential 
concern.  The  detection  limit  of  the  selected  method  should  be  lower  than  the  lowest 
concentration  of  concern,  so  that  the  probabihty  of  false  negatives  is  decreased.  The 
precision  should  be  good  enough  so  that  analytical  variability  does  not  produce  false 
negatives  for  sampling  locations  where  the  concentration  is  actually  substantially  higher 
than  the  detection  hmit.  A  screening  procedure  that  is  sufficiently  sensitive  and  precise 
should  provide  data  essentially  equivalent  to  commercial  laboratory  data  for  the  purpose 
of  determining  where  the  contamination  is  present  and  where  it  is  absent.  For  some 
contaminants  at  some  sites,  depending  on  the  extent  and  reUabiUty  of  site  history 
information,  characteristics  such  as  specificity,  comparability,  and  accuracy  may  not  be 
important  considerations  for  determining  the  presence  or  absence  of  a  contaminant.  The 
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problem  of  delineating  the  extent  of  a  release  is  similar  to  determining  the  presence  or 
absence  of  contamination,  and  the  same  considerations  apply. 

From  MADEP's  viewpoint,  screening  methods  are  frequently  useful  (supplementing  fixed 
lab  data)  at  decision  points  related  to  delineation  of  contamination,  but  seldom  appUcable 
for  decisions  related  to  characterization  of  contamination.  MADEP  considers  all  of  the 
data  quaUty  characteristics  Usted  m  the  preceding  section  relevant  to  characterizing 
contamination,  while  a  more  limited  subset  of  data  quahty  characteristics  may  be  relevant 
for  delineating  contaminated  areas.  Two  of  the  decision  points  presented  in  the 
preceding  section,  estimating  exposure  point  concentrations  and  comparing  site 
concentrations  to  background  levels,  always  require  complete  characterization  of 
contamination;  therefore  these  determinations  cannot  be  accomphshed  using  screening 
techniques.  In  general,  MADEP  considers  screening  techniques  not  applicable  to 
the  estimation  of  exposiire  point  concentrations  or  to  the  comparison  of  site 
concentrations  to  background. 

2.2.3      Sampling  Plans 

Implementation  of  a  sound  sampling  plan  and  selection  of  appropriate  analytical  methods 
are  both  essential  for  site  characterization  that  is  adequate  for  risk  assessment  purposes. 
The  preceding  sections  focused  on  the  selection  of  appropriate  analytical  methods.  This 
section  focuses  on  the  development  of  an  appropriate  sampling  plan. 

Sample  collection  and  analysis  may  be  done  at  a  site  for  a  nimiber  of  reasons.  All  of 
these  objectives  should  be  exphcitly  considered  in  the  sampling  plan  and  discussed  in  the 
site  investigation  report.  Often,  the  data  needs  of  the  risk  assessment  are  overlooked  in 
the  early  stages  of  the  site  investigation  process.  As  a  consequence,  site  sampling  efforts 
often  do  not  produce  the  data  necessary  to  characterize  exposures  at  a  disposal  site.  The 
sampling  plan  should  ensiu*e  the  collection  of  data  which  can  adequately  characterize 
exposures  at  the  disposal  site.  To  that  end,  potential  exposure  points  and  the  activity 
patterns  of  potential  receptors  at  the  site  in  question  should  be  identified  when  the 
sampling  plan  is  being  developed.  If  exposure  patterns  are  considered  only  after  sampling 
has  been  completed,  the  data  collected  may  not  provide  sufficiently  acc\n-ate  exposure 
point  concentration  estimates,  and  further  sampUng  may  be  needed.  Ideally,  the  risk 
assessor's  involvement  in  a  project  should  begin  with  the  sampling  plan  development 
stage.  If  not,  the  risk  assessor  must  retrospectively  evaluate  the  representativeness  of 
the  samples  for  exposure  assessment  piu-poses. 

Composite  Samples 

As  discussed  in  the  chapter  on  Exposure  Point  Concentration  Estimation,  composite 
samples  may  provide  an  efficient  way  of  estimating  the  average  concentration  of  the 
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subsamples.  However,  important  information  about  the  subsample  concentrations  is  lost. 
The  range  of  concentrations  cannot  be  determined  from  a  composite  sample,  because  the 
highest  concentration  contributed  by  a  subsample  is  diluted  by  mixing  with  samples  of 
lower  concentrations.  Furthermore,  since  the  highest  concentrations  are  not  detected, 
hot  spots  or  areas  of  unusually  elevated  concentrations  may  not  show  up  in  the  data. 
Thus,  while  compositing  may  be  an  efficient  way  to  obtain  an  average,  it  generally  does 
not  provide  complete  information  on  the  range  and  distribution  of  concentrations  within 
the  area  sampled. 

Contaminant  Distribution  Considerations 

In  addition  to  determining  the  areal  extent  of  contamination  and  the  range  of 
concentrations  present  at  the  site,  the  distribution  of  contaminant  concentrations  must 
also  be  assessed.  The  sampling  plan  should  be  developed  in  a  way  that  takes  into  account 
the  need  for  characterizing  the  distribution  of  contaminant  concentrations. 

For  evaluating  soil  exposures,  the  average  concentration  within  the  exposiu-e  area  is 
generally  used  as  a  surrogate  for  time  weighted  average  exposure  point  concentrations 
(See  Estimating  Exposure  Point  Concentrations,  Section  7.3.4.5).  Systematic  or  random 
sampling  approaches  are  generally  preferable  for  evaluating  the  areal  distribution  of 
contaminant  concentrations.  However,  for  site  assessment  purposes  other  than  risk 
assessment,  biased  sampling  is  often  conducted.  If  samples  are  collected  so  that  certain 
areas  are  more  heavily  represented  in  the  sample  set,  a  weighted  average  can  be  used. 
Weighted  averages  can  compensate  for  unevenly  distributed  sampling  locations  when 
calculating  the  exposure  point  concentration.  The  Estimating  Exposure  Point 
Concentrations  section  of  this  document  presents  guidance  for  calculating  an  area- 
weighted  average  in  cases  where  sampling  locations  are  not  distributed  randomly  or 
evenly  throughout  an  exposure  area. 

Hot  Spot  Identification 

Hot  spots  are  a  special  case  of  non-randomly  distributed  concentrations.  They  are 
relatively  small  areas  with  relatively  high  contaminant  concentrations.  The  MOP  (310 
CMR  40.0006)  defmes  Hot  Spot  as  follows: 

Hot  Spot  means  a  discrete  area  where  the  concentrations  of  oil  or  hazardous  material 
are  substantially  higher  than  those  concentrations  in  the  surrounding  area.  A  hot  spot 
shall  be  identified  based  on  consideration  of  both  the  concentrations  of  a  chemical 
within  a  contaminated  area  and  the  spatial  pattern  of  that  contamination.  The  areal 
extent  and  spatial  pattern  of  a  hot  spot  may  be  determined  through  the  analytical 
results  from  multiple  samples  taken  within  the  area,  or  the  results  of  limited  sampling 
in  combination  with  other  knowledge  about  the  release,  such  as  the  presence  of 
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discoloration,  odors  or  a  defined  source  area.  In  all  cases,  a  discrete  area  where  the 
concentration  of  oil  or  hazardous  material  is  greater  than  one  hundred  times  the 
concentration  in  the  surrounding  area  shall  be  considered  a  Hot  Spot.  Discrete  areas 
where  the  concentration  difference  is  greater  than  ten  but  less  than  one  hundred  shall 
be  considered  a  Hot  Spot  unless: 

(a)  there  is  no  evidence  that  the  discrete  area  would  be  associated  with  greater  exposure 
potential  than  the  surrounding  area;  and 

(b)  a  site-specific  evaluation  indicates  that  the  area  should  not  be  considered  a  Hot 
Spot  considering  the  concentration(s),  and  distribution(s)  of  oil  or  hazardous  material, 
background  variability,  and/or  appropriate  statistical  analyses.  In  no  case  shall 
concentrations  of  oil  or  hazardous  material  equal  to  or  less  than  an  applicable 
Method  1  standard  be  considered  indicative  of  a  hot  spot. 

In  other  words,  a  discrete  area  where  the  concentration  is  greater  than  ten  times  the 
concentration  in  the  surrounding  area  is  a  hot  spot  unless  both  of  the  above  conditions 
hold  true. 

The  sampling  density  needed  to  detect  and  delineate  a  hot  spot  depends  mainly  upon  its 
size,  and  will  vary  from  case  to  case.  An  elevated  concentration  at  a  single  sample 
location  does  not  necessarily  constitute  a  hot  spot.  However,  elevated  concentrations  in 
a  single  sample  may  be  indicative  of  the  presence  of  a  hot  spot,  and  may  warrant  further 
sampling  in  that  area.  In  deciding  whether  an  exceptionally  high  result  should  trigger 
additional  sampling,  the  investigator  should  consider:  (1)  the  density  of  the  existing 
sampling  locations;  (2)  the  magnitude  of  the  spike  relative  to  the  concentration  variabihty 
in  the  nearby  samples;  and  (3)  site  history. 

As  discussed  in  the  Estimating  Exposure  Point  Concentrations  section,  hot  spots  should 
be  evaluated  as  additional,  individual  exposure  points.  The  potential  for  hot  spots  to 
exist  on  the  site  should  be  considered  in  planning  the  sampling  locations  and  sampling 
density. 

2.2.4    Characterizing  Future  Environmental  Conditions 

If  changes  in  contaminant  distribution  are  anticipated  based  on  fate  and  transport 
evaluations,  the  extent  of  contamination  under  future  environmental  conditions  may  have 
to  be  evaluated  in  addition  to  present  conditions.  Future  concentrations  cannot  be 
measiu-ed  and  must  be  modeled.  Modehng  will  be  discussed  in  somewhat  greater  detail 
in  the  chapter  on  Exposure  Point  Concentration  Estimation. 

Although  biodegradation  may  be  an  important  attenuation  mechanism  at  some  sites, 
predicting  degradation  rates  that  will  actually  occur  in  the  field  at  a  specific  site  is 
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difficult.  The  application  of  degradation  rates  observed  under  controlled  laboratory 
conditions  to  field  conditions  can  lead  to  significant  luiderestimation  of  future 
concentrations.  The  assumption  that  the  concentrations  will  be  decreased  at  a  certain 
rate  by  biodegradation  is  discouraged  for  risk  assessment  purposes. 

2.2.5    Analytical  Data  Presentation 

As  specified  in  310  CMR  40.0835,  the  documentation  supporting  the  risk  characterization 
should  describe  the  nature  and  extent  of  contamination,  including  a  characterization  of 
sources,  nature,  and  vertical  and  horizontal  extent  of  contamination  at  the  disposal  site; 
presence  and  distribution  of  any  non-aqueous  phase  hquids;  tabulation  of  analytical 
testing  results;  and,  where  appropriate,  characterization  of  backgroimd  concentrations  of 
oil  and/or  hazardous  materials  at  the  site.  Fiu*ther,  the  documentation  of  the  risk 
assessment  should  contain  summary  tables  which  clearly  indicate  which  oil  or  hazardous 
materials  at  or  from  the  disposal  site  have  been  identified  in  each  medium  at  the  disposal 
site  and  in  the  surrounding  environment.  A  separate  table  or  set  of  tables  should  be 
presented  for  each  environmental  medium.  These  tables  should  also  present  the  range 
of  reported  concentrations  for  each  OHM  detected  at  the  disposal  site  and  in  the 
surrounding  environment. 

Laboratory  data  reports  should  be  included  in  the  documentation  for  the  risk  assessment. 
The  detection  or  quantitation  limits  should  be  reported  as  the  "Sample  quantitation 
limit",  or  SQL.  The  SQL  is  defined  as  the  method  detection  limit  adjusted  to  reflect 
sample-specific  action  such  as  dilution  or  use  of  a  smaller  sample  aliquot  for  analysis  due 
to  matrix  effects  or  the  high  concentration  of  some  analytes  (EPA  1992).  The  inclusion 
of  "less  than  quantitation  limit"  results  in  exposure  point  concentration  calculations  is 
discussed  in  the  section  on  Estimating  Exposure  Point  Concentrations. 
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2.3   BACKGROUND 

This  section  of  the  Guidance  for  Disposal  Site  Risk  Characterization  contains  a  discussion 
of  the  term  "background"  and  its  apphcations  in  the  characterization  of  risk  at  a  disposal  site. 
The  determination  of  representative  backgroimd  levels  for  a  disposal  site  is  an  expHcit 
requirement  of  the  Massachusetts  Contingency  Plan  (310  CMR  40.0835(4)(f)  and 
40.0904(2)(b)).  This  information  is  used  for  the  determination  of  the  extent  of  the  release 
of  oU  or  hazardous  material,  for  the  risk  characterization  process  itself,  and  for  making  clean- 
up decisions.  Despite  the  numerous  important  decisions  which  are  based  upon  knowledge 
of  backgroiuid  conditions  for  a  site,  in  the  past  there  has  been  insufficient  emphasis  on  the 
collection  of  adequate  backgroimd  samples.  The  need  for  identifying  background 
concentrations,  including  the  collection  of  acciu-ate  and  reliable  data,  is  reinforced  by  virtue 
of  the  multiple  apphcations  of  this  information.  The  discussion  in  this  section  addresses  the 
regulatory  definition  of  "background"  and  the  various  uses  of  background  information  under 
the  MCP.  This  section  also  provides  specific  guidance  on  the  use  of  generic  background 
levels  pubhshed  by  MADE?,  the  collection  of  background  data  for  a  variety  of  media  and  the 
comparison  of  site  data  sets  to  "background"  data  sets.  Simply  put,  this  section  provides  the 
information  and  guidance  needed  to  answer  the  following  questions: 

•  Why  is  background  data  important  in  the  MCP  and  how  is  it  used? 

•  Are  the  background  data  collected  for  the  disposal  site  truly  representative  of  background 
conditions  for  the  site? 

•  Are  the  site  concentrations  reported  (for  one  or  more  chemicals)  consistent  with  background 
conditions  for  the  disposal  site? 

Ideally,  the  risk  assessor  will  be  involved  in  the  development  of  the  site  sampling  plan  and 
will  have  significant  input  on  where  and  when  to  collect  samples  for  the  site  risk 
characterization.  There  will,  however,  be  situations  where  the  site  data  has  already  been 
collected,  in  which  case,  the  risk  assessor  should  review  this  information  (including  the 
background  data),  discuss  its  adequacy  with  the  site  manager  and  recommend  additional  data 
collection  if  necessary.  The  risk  assessor  must  have  confidence  that  the  data  collected  are 
representative  of  the  site  and  the  site  background  conditions  if  this  information  is  to  be 
meaningfully  used  in  the  risk  characterization  process. 

It  is  important  to  recognize  that  many  anthropogenic  chemicals  (particularly  some 
chlorinated  organic  compounds)  are  expected  to  have  nondetect  background  concentrations, 
as  these  compounds,  while  common  at  c.2lE  disposal  sites,  are  otherwise  rare  in  the 
environment.  Generally  speaking,  background  levels  are  most  important  for  the  various 
natxu-ally  occurring  metals  found  in  the  environment.  It  is  also  quite  common  to  detect 
"background"  levels  of  polycyclic  aromatic  hydrocarbons  (PAH's)  in  soil,  especially  in  urban 
areas.  Except  when  MADEP  pubhshed  background  levels  are  used,  background  should  be 
dealt  with  on  a  site-by-site  basis  and  should  be  medium-specific. 
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2.3.1    The  Concept  of  "Background"  in  the  Massachusetts  Contingency  Plan 

2.3.1.1       Definition;    310  CMR  40.0006 

In  order  to  discuss  the  use  of  background  data  under  the  Massachusetts  Contingency 
Plan  the  regulatory  definition  of  the  term  is  important: 


Backeround  means  those  levels  of  oil  and  hazardous  material  that  would 
exist  in  the  absence  of  the  disposal  site  of  concern  which  are: 

(a)  ubiquitous  and  consistently  present  in  the  environment  at  and  in 
the  vicinity  of  the  disposal  site  of  concern;  and 

(b)  attributable  to  geologic  or  ecologic  conditions,  atmospheric 
deposition  of  industrial  process  or  engine  emissions,  fill  materials 
containing  wood  or  coal  ash,  releases  to  groundwater  from  a  pubhc 
water  supply  system,  and/or  petroleum  residues  that  are  incidental  to 
the  normal  operation  of  motor  vehicles. 


The  regulatory  definition  of  background  makes  clear  that  the  term  is  not  limited  to 
"pristine"  conditions,  and  that  the  Department  recognizes  that  historic  human  activities 
have  resulted  in  the  presence  of  some  chemicals  in  the  environment.  Such  non-pristine 
conditions  must  meet  the  conditions  described  in  both  of  the  clauses  [(a)  and  (b)l  of  the 
definition,  however.  It  is  important  to  note  that,  under  this  definition,  oil  or  hazardous 
material  from  one  release  cannot  be  considered  background  for  another  release\ 

2.3.1.2       Background  &  Permanent  Solutions 

Under  the  MCP,  Permanent  Solutions  are  implemented  to  achieve  a  level  of  No 
Significant  Risk  at  a  disposal  site.  The  definition  of  a  Permanent  Solution  is  given  at  310 
CMR  40.0006. 


The  January  1995  revisions  to  the  MCP  included  provisions  to  address  sitiiations  in  which  a  property  is  located 
dowiigradient  of  a  property  which  is  the  source  of  the  release  of  oil  or  hazardous  material.  The  owner  or  operator  of  that 
downgradient  property  may  establish  Downsradient  Property  Status  pursuant  to  310  CMR  40.0180.  These  provisions  were 
established  in  recognition  of  the  fact  that,  while  the  upgradient  source  is  not  "background"  for  the  downgradient  property,  the 
owner/operator  of  the  downgradient  property  has  limited  ability  to  implement  a  Permanent  Solution  at  that  site. 
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The  implementation  of  a  Permanent  Solution  (or  the  achievement  of  a  permanent 
Solution)  is  the  equivalent  of  conducting  a  Response  Action  to  achieve  a  level  of  No 
Significant  Risk  or  to  control  or  eliminate  sources  of  oil  or  hazardous  material  for  a 
foreseeable  period  of  time.  (Note  that  in  the  MCP  the  term  Response  Action  could  also 
include  the  assessment  of  a  site,  but  such  assessments  are  not  the  equivalent  of 
implementing  a  Permanent  Solution.) 


Definition 

Permanent  Solution  means  a  measure  or  combination  of  measures  which 
will,  when  implemented,  ensure  attainment  of  a  level  of  control  of  each 
identified  substance  of  concern  at  a  disposal  site  or  in  the  surrounding 
environment  such  that  no  substance  of  concern  will  present  a  significant 
risk  of  harm  to  health,  safety,  pubUc  welfare  or  the  environment  during 
any  foreseeable  period  of  time. 


The  regulations  also  require  that,  where  feasible  and  to  the  extent  possible,  a  Permanent 
Solution  reduce  the  levels  of  oil  or  hazardous  material  in  the  environment  to  background 
(310  CMR  40.0190(5)  and  310  CMR  40.1020(1)).  This  concept  of  reducing  contaminant 
concentrations  as  close  to  background  as  possible  whenever  remedial  actions  are 
implemented  at  a  site  derives  directly  from  the  statute  (M.G.L.  c.2lE,  §3A(g))  and  it  is 
exphcitly  incorporated  in  the  basic  performance  standard  of  the  MCP:  the  Response 
Action  Performance  Standard,  or  RAPS  (310  CMR  40.0191(1)  and  (3)(c)). 

It  is  important  to  understand  that  the  requirement  to  achieve  or  approach  background 
levels  (where  feasible)  is  separate  from  the  risk-based  requirements:  if  it  is  feasible  to 
go  beyond  the  minimum  requirement  of  eliminating  significant  risk,  there  is  a  statutory 
obUgation  to  do  so. 

The  word  "" feasible''  is  prominent  in  this  MCP  requirement,  and  the  criteria  to  be  used 
in  estabhshing  feasibihty  are  described  at  310  CMR  40.0860.  Note  that  while  these 
criteria  are  found  in  a  section  of  the  MCP  which  describes  the  requirements  for 
conducting  Phase  HI  Comprehensive  Response  Actions,  the  evaluation  of  the  feasibihty 
of  achieving  background  is  a  requirement  at  all  sites  where  one  or  more  remedial  actions 
(e.g..  Release  Abatement  Measures,  or  RAMs)  are  undertaken  to  achieve  a  Permanent 
Solution  (310  CMR  40.1020),  even  if  the  Response  Action  Outcome  is  achieved  before  Phase 
III.  Draft  guidance  addressing  the  feasibihty  issue  is  under  development,  with  an 
external  review  draft  expected  by  July,  1995.  Please  consult  the  MCP  Hotline  for  the 
status  of  that  guidance. 
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The  site  background  levels  become  the 
cleanup  goals  of  the  response  action  if  it 
is  feasible  to  achieve  those  levels.  The 
proper  determination  of  background 
levels  is  necessary  both  for  conducting 
the  feasibiUty  evaluation  and  for  those 
levels  to  be  used  as  cleanup  criteria. 

2.3.1.3       Background     &    Response 
Action  Outcomes  (RAOs) 

Response  Action  Outcomes,  or  RAOs,  are 
the  end-points  of  all  response  actions 
conducted  under  the  Massachusetts 
Contingency  Plan,  and  the 
documentation  that  the  disposal  site  has 
reached  an  end-point  is  the  Response 
Action  Outcome  Statement.  RAOs  are 
divided  into  three  main  categories  (A,  B 
and  C)  and  several  subcategories  (e.g.,  A- 
1,  A-2  and  A-3)  to  distinguish  between 
the  different  types  of  end-points  which 
may  be  reached  for  a  given  site. 


Achieving  Background  Levels  Is 
Considered  Feasible  unless: 

►  The      remedial      alternative      is      not 
technologically  feasible  (technological  feanbO- 
ity  criteria  found  in  310  CMR  40.0860(5)) 

►  The   costs   or  risks   associated   with   the 
remedial  alternative  would  not  be  justi- 
fied by  the  benefits  (cost/benefit  analysis  criteria 
found  in  310  CMR  40.0860(6)) 

►  Experienced  individuals  are  not  available  to 
implement  the  remedial  alternative 

►  The  alternative  would  necessitate  off-site 
land  disposal  and  no  facility  is  available 

►  The  elimination  or  control  of  the  source  of 
OHM  is  not  achievable  by  the  person 
conducting  the  response  action 

Summarized  from  310  CMR   40.0860(4):     consult  the 
regulations  for  exact  wording  and  more  detaiL 


When  a  Permanent  Solution  has  been  implemented  at  a  disposal  site,  a  Class  A  Response 
Action  Outcome  apphes  to  the  disposal  site  (310  CMR  40.1035).  The  subcategories  of  the 
Class  A  RAO  are  described  at  310  CMR  40.1036.  As  noted  in  the  discussion  above,  the 
implementation  of  a  permanent  solution  must  be  accompanied  by  an  evaluation  of  the 
feasibihty  of  reducing  OHM  levels  to  background,  and  thus  all  Class  A  RAO  Statements 
must  either  document  the  extent  to  which  site  conditions  have  been  reduced  to 
background  (for  Class  A-1  RAOs)  or  demonstrate  that  the  achievement  of  background  is 
not  feasible  (for  Class  A-2  and  A-3  RAOs).  This  requirement  is  foimd  at  310  CMR 
40.1056(2)(e). 

Since  Permanent  Solutions  are  not  implemented  at  sites  eligible  for  Class  B  or  Class  C 
Response  Action  Outcomes,  an  evaluation  of  the  feasibihty  of  returning  the  site  to 
background  conditions  is  not  required.^ 


Sites  eligible  for  a  Class  B  RAO  do  not  have  to  implement  a  Permanent  Solution  as  no  remedial  actions  are  necessary  to 
achieve  a  condition  of  No  Significant  Risk.  Sites  eligible  for  a  Class  C  RAO  have  implemented  measures  to  elimiitate  substantial 
hazards  at  the  disposal  site  until  such  time  as  a  Permanent  Solution  becomes  feasible. 
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A-1  RAO: 


Background  &  RAO*8 

Achieves  Background,  rao 

Statement      demonstrates      that 
background  cleanup  goals  are  met. 


A-2  &  AS 
RAO's: 


be 


The  fact  that  the  background  feasibihty 

requirement  is  only  triggered  at  sites 

ehgible  for  Class  A  RAOs  is  logical  in 

that,  if  remediation  is  taking  place  at  a 

site,  the  incremental  cost  of  going  beyond 

the  risk-based  requirement  may  be  small 

relative   to   the   cost   of  the   remedial 

action;  the  remedial  workers  are  already 

mobihzed,  plans  are  already  in  place  for 

the  treatment  or  removal  of  remediation 

wastes,    etc..       Thus,    in   planning   the 

remediation      activities      consideration 

should  always  be  given,  up  front  and 

early    in    the    process,    to    approaching 

background  conditions.    If,  on  the  other 

hand,     no    risk-based    remediation    is 

necessary  and  no  remedial  action  plans 

are  developed,  the  regulations  and  the  statute  do  not  require  actions  to  be  taken  solely 

for  the  purpose  of  restoring  background  conditions. 


Background  lev^ 
determined     to 
infeasible. 

RAO  Statements  mchnieii  mfrasihiTity 
demonstration. 


Class  B  &         Feasibility  of  Background 
Class  C  RAO's  analysis  not  required. 

Permanent      Sohitioiis      are      not 
implemented  at  these  sites. 


2.3.1.4       Background  and  Activity  and  Use  Limitations  (AULs) 

Limitations  on  site  use  may  be  part  of  the  package  of  response  actions  taken  to  aehieve 
a  level  of  No  Significant  Risk  at  a  disposal  site.  The  MCP  provides  specific  tools,  called 
Activity  and  Use  Limitations,  described  at  310  CMR  40.1012.  These  limitations  and  their 
relationship  to  the  risk  characterization  process  are  described  in  more  detail  in  Section 
2.1.3  of  this  guidance  docimient.  There  are  two  points  to  make  concerning  the 
relationship  of  AULs  and  backgroimd: 

(a)  Activity  and  Use  Limitations  are  not  required  where  the  concentrations  of  oil  or 
hazardous  material  have  been  reduced  to  background  (310  CMR  40.0923(3)(b)l 

and  40.1012(2)(a));  and 

(b)  For  the  purposes  of  the  requirements  of  Response  Action  Outcomes  only.  Activity 
and  Use  Limitations  are  not  considered  a  "remedial  action"  (310  CMR  40.1046(3)) 
and  thus  the  implementation  of  an  AUL  does  not,  in  and  of  itself,  trigger  the 
requirement  to  evaluate  the  feasibihty  of  reducing  concentrations  of  OHM  to 
backgroimd. 
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2.3.1.5  Background  in  the  Risk  Characterization  Process 

The  Department  focuses  assessment  and  remediation  resources  on  contamination  which 
is  attributable  to  a  release  of  oil  or  hazardous  material  and  which  has  the  potential  to 
pose  significant  risk  of  harm  to  health,  safety,  pubhc  welfare  or  the  environment.  To  this 
end,  chemicals  which  are  present  at  levels  consistent  with  backgroxmd  are  removed  from 
the  risk  characterization  process:  they  are,  by  definition,  at  a  level  of  No  Significant  Risk 
(310  CMR  40.902(3)).  Conversely  if  a  chemical  is  present  at  concentrations  above 
background,  then  it  cannot  be  so  eliminated.  Thus,  background  data  is  one  factor  used 
to  identify  Contaminants  of  Concern  (Section  2.4)  for  the  risk  characterization. 

Taking  this  argument  further,  if  all  chemicals  reported  in  a  given  environmental  medium 
(such  as  groundwater)  are  present  at  backgroimd  levels,  then  exposure  to  that  mediimi 
does  not  have  to  be  evaluated  in  the  risk  characterization.  Finally,  if  all  chemicals  in  ^ 
media  at  the  site  are  present  at  background,  or  if  they  have  been  reduced  to  background 
levels  through  some  response  action,  then  a  risk  characterization  is  not  required  (310 
CMR  40.0901(3)  and  40.1020(2))  as  a  level  of  No  Significant  Risk  is  deemed  to  exist. 
Therefore  reducing  contaminant  concentrations  to  background  levels  can  minimize  the 
assessment  required  at  a  disposal  site,  which  may  potentially  lower  costs  at  some  sites, 
particularly  for  recent,  discrete  releases. 

The  risk  assessor  must  determine  what  contaminants  are  consistent  with  backgroimd 
concentrations  and  document  why  it  is  appropriate  to  drop  these  contaminants  from  the 
process.  An  accurate  determination  of  background  concentrations  is  essential  to  enable 
the  risk  assessor  to  make  a  critical  decision  as  to  what  compounds  will  be  carried  through 
the  risk  assessment  process.  If  background  has  not  been  adequately  characterized  the 
risk  assessor  might  not  be  able  to  eliminate  from  further  assessment  those  chemicals 
which  are  consistent  with  background  and  ultimately  these  chemicals  will  be 
unnecessarily  carried  through  the  risk  characterization.  In  the  alternative,  chemicals 
which  should  be  included  in  the  risk  assessment  might  be  wrongly  dropped  out  if 
backgroimd  concentrations  are  inappropriately  identified.  Either  result  carries  with  it 
the  potential  for  additional  cost  and  effort  that  could  be  eliminated. 

2.3.1.6  Background  and  Technical  JustiHcation 

The  following  guidance  on  gathering  and  evaluating  background  data  is  written  to  address 
issues  which  arise  at  a  wide  array  of  disposal  sites,  from  the  simple  to  the  complex.  The 
level  of  detail  of  this  guidance  should  not  obscure  the  fact  that  the  scope  and  level  of 
effort  of  the  risk  characterization  (including  background  issues)  depend  upon  the 
complexity  of  the  disposal  site  and  the  response  action  being  performed  (310  CMR 
40.0903(1)). 
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At  many  sites,  particularly  those  resulting  from  sudden  and  discrete  releases  of  oil  or 
hazardous  material  (i.e.,  "spills"),  knowledge  about  the  release  and  the  extent  of  the 
response  action  may  be  used  with  only  limited  analytical  information  to  draw  conclusions 
about  background  levels.  For  example,  it  may  be  unnecessary  to  determine  background 
conditions  for  a  fuel  oil  spill  which  was  quickly  contained  and  completely  cleaned  up. 
Knowledge  about  the  quantity  of  fuel  spilled  (is  it  all  accounted  for?\  the  location  of  the 
spill  (was  it  on  pavement  or  in  a  well  defined  area?)  and  the  nature  of  the  material 
(would  it  have  penetrated  the  soil  to  great  depth?  is  it  soluble  in  water?),  the  nature  of 
the  remedial  action  performed  and  the  results  of  any  confirmatory  sampling  (field 
screening?  laboratory  analyses?)  could  be  used  to  conclude,  based  upon  professjonal 
ludgement.  that  the  spill  was  remediated  to  background  levels. 

Note  that  such  flexibihty  is  inherent  in  the  MCP;  the  regulations  contain  language  (310 
CMR  40.0193)  which  allows  a  Licensed  Site  Professional  (LSP)  to  forgo  specific  site 
investigation  activities,  "if  in  his  or  her  professional  judgement  any  particular  requirement 
is  unnecessary  or  inappropriate  based  upon  the  conditions  and  characteristics  of  a  disposal 
site."  The  basis  of  such  a  technical  justification  would  be  described  in  the  pertinent 
submittal  to  MADEP.  The  technical  justification  should  be  doctunented  in  suf&dent 
detail  to  enable  a  reviewer/auditor  to  evaluate  the  decision  to  forego  the  requirements 
in  question. 

2.3.2    Identification  of  Site  Background  Conditions 

« 

As  demonstrated  above,  background  conditions  should  be  considered  in  selecting 
contaminants  of  concern,  planning  remedial  response  actions,  implementing  Permanent 
Solutions,  and  evaluating  the  feasibihty  of  reducing  concentrations  to  background.  The 
project  manager  should  consider  the  importance  of  the  background  information  when 
planning  the  data  collection  to  ensure  that  adequate  resources  are  devoted  to  gathering 
this  information.  The  risk  assessor  should  reinforce  the  need  for  obtaining  background 
information  and  demonstrate  how  this  information  can  be  properly  used.  The  following 
guidance  is  provided  to  assist  in  the  characterization  of  site  background  concentrations, 
including  both  the  use  of  MADEP  pubhshed  generic  background  levels  and  the 
estabhshment  of  site-specific  background  concentrations. 

As  will  be  seen  in  the  sections  which  follow,  it  accomphshes  little  to  collect  a  single 
sample  and  declare  the  chemical  concentrations  in  that  sample  as  "background"  for  the 
disposal  site.  Reported  concentrations  (both  background  and  release-related)  may  vary 
over  a  wide  range  due  to  the  heterogeneity  of  the  environmental  mediiun,  natiu*al 
variation  or  the  presence  of  "hot  spots",  or  the  vagaries  of  the  analytical  methods 
employed.  A  single  sample  is  no  more  than  a  random  estimate  of  what  "typical* 
background  concentrations  might  be.  Sufficient  data  is  required  to  provide  the  site 
manager  and  risk  assessor  a  sense  of  the  average  or  likely  concentrations  as  well  as  the 
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variation  in  levels  expected.  Ideally,  distributions  of  site-background  data  should  be 
compared  in  some  fashion  to  distributions  describing  the  site-release  concentrations, 
although  there  are  circumstances  under  which  a  streamhned  approach  is  justified.  The 
important  site-decisions  made  based  upon  the  background  data  should  not  be  undermined 
by  an  inadequate  characterization  of  background.  When  site-specific  background  data  is 
sought,  it  is  imperative  that  a  well  thought  out  sampling  plan  for  each  medium  be 
developed.  When  MADEP  published  hsts  of  generic  background  levels  are  used  it  is 
important  that  data  be  used  as  described  by  the  Department.  The  risk  assessor  must 
have  a  high  level  of  confidence  that  the  information  collected  to  estabhsh  background  is 
representative  of  background  conditions  at  that  location. 

2.3.2.1       MADEP  Derived  Background  Levels 

Historically,  MADEP  has  considered  the  use  of  pubhshed  generic  background  levels  to 
be  an  option  of  last  resort,  when  obtaining  site-specific  data  was  not  possible.  The  data 
which  comprise  such  generic  background  hsts  may  not  be  representative  of  Massachusetts 
conditions  and/or  are  not  comparable  to  the  data  obtained  at  disposal  sites.  Typically 
they  are  collected  over  a  large  geographic  region,  including  areas  which  would  not  be 
representative  of  Massachusetts  conditions  (e.g.,  the  USGS  data  (Shacklette,  1984)  often 
submitted  to  the  Department  can  be  narrowed  down  to  data  representative  of  "Eastern 
U.S.  Soils".)  Compilations  of  generic  background  levels  may  also  include  data  taken  from 
a  number  of  sources,  with  internal  variation  of  sample  collection,  handhng  and  anal3^ical 
techniques.  Thus,  the  risk  assessor  should  avoid  using  any  list  of  generic  background 
levels  which  has  not  been  specifically  recommended  by  the  Department. 

MADEP  recognizes  the  utility  of  pubhshed  background  levels,  however.  The  use  of 
pubhshed  hsts  of  background  concentrations  can  streamline  the  site  assessment  and  risk 
assessment  process,  particularly  to  provide  justification  for  dropping  chemicals  from 
further  consideration  in  the  risk  assessment.  Such  values  could  also  be  used  as  target 
cleanup  levels  when  a  Class  A-1  RAO  is  sought,  or  could  serve  as  the  basis  for  a 
feasibihty  analysis  submitted  as  part  of  a  Class  A-2  or  A-3  RAO.  The  Department  has 
initiated  an  on-going  project  to  identify  and  publish  generic  background  concentrations 
which  would  be  acceptable  for  use  in  c.2lE  assessments.  The  first  such  Ust,  MADEP 
Background  Soil  Concentrations,  is  presented  below.  Additional  lists  will  be  made 
available  through  the  MADEP  Bulletin  Board  as  they  are  developed.  Current  plans 
includes  the  expansion  of  this  list  to  include  polycyclic  aromatic  hydrocarbons  and  the 
pubhcation  of  a  similar  hst  for  urban  locations. 
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MADEP  Backsfround  Soil  Concentrations 

Table  2. 1  presents  the  list  of  Massachusetts  Background  Soil  Concentrations  which 
may  be  used  in  heu  of  site-specific  background  levels  as  part  of  a  C.21E  assessment. 
These  values  were  judged  by  MADEP  staff  to  be  sufiiciently  representative  of 
Massachusetts  non-urban  (i.e.,  suburban  and  rural)  locations  that  the  use  of  these 
values  at  c.2lE  sites  would  be  protective  of  pubhc  health  and  the  environment. 


Table  2.1 

MADEP  BACKGROUND  SOn.  CONCENTRATIONS 

'I'hese  soil  concentrations  are  derived  from  a  database  of 
background  samples  taken  from  rural  and  suburban  locations. 
I'he  values  represent  total  metal  concentrations.   These  values      1 
may  be  generalized  to  urban  locations  pending  the  publication  of    1 
a  MADEP  list  of  typical  urban  background  levels. 

Soil                                                                             Soil 
Concentration                                                            Concentration 
Chemical                             mg/kg                              Chemical                             mg/kg 

Alumintim                            13,000 

Lead                                 99 

Antimony                               1.4 

Magnesium                           4,900 

Arsenic                                  17 

Manganese                             300                   Q 

Barium                                 45 

Mercury                               0.3                    | 

Beryllium                                 0.4 

Nickel                                  17 

Cadmium                                 2 

Selenivmi                               0.5 

Chromium                               29 

Silver                                  0.6 

Cobalt                                  4.4 

Thallium                               0.6                    | 

Copper                                 38 

Vanadivun                                29                     || 

Iron                                 17,000 

Zinc                                  116                   1 

These  concentrations  represent  the  90'*'  percentile  values  from  the  collected  data  set. 
A  high  (e.g.,  90'^)  percentile  was  chosen  in  order  to  insure  that  chemicals  which  are 
truly  present  at  background  levels  would  be  correctly  identified  as  such.  By  using  a 
high-end  background  concentration  (90*^  percentile)  as  a  point  of  comparison  for  all 
site  data,  DEP  recognizes  that  some  contaminants  that  are  actually  elevated  may 
wrongly  be  treated  as  background  concentrations.  The  consequences  of  these  errors. 
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however,  will  not  be  serious  because  the  90  percentile  levels  of  the  metals  listed 
here  are  not  associated  with  significant  health  risks.  There  may  be  other  substances 
for  which  this  simpliiied  approach  is  not  appropriate.  Table  2.2  presents  a  more 
detailed  summary  of  the  data  used  to  select  the  MADEP  Background  Soil  Levels. 


It  is  important  to  note  that  a  higher  (e.g.,  95  )  percentile  value  was  rwt  chosen  based 
upon  MADEP  staff  judgement  that  the  data  set  used  as  the  basis  of  this  analysis  may 
be  biased  towards  the  higher  concentrations.  The  data  set  was  developed  from 
reports  submitted  to  MADEP  under  the  c.2lE  program.  Samples  identified  in  the 
reports  as  being  representative  of  "background"  at  the  site  tmder  investigation  were 
compiled  and  analyzed.  The  data  thus  collected  could  have  been  influenced  by  some 
of  the  following  intentional/unintentional  biases: 

(a)  the  samples  were  taken  in  the  vicinity  of  disposal  sites  and  may  in  fact  have  been  affected 
by  the  contamination  at  the  sites; 

(b)  historically  at  C.21E  sites,  background  samples  are  more  likely  to  be  taken  (and  reported  to 
MADEP)  in  areas  with  relatively  high  background  levels;  samples  are  less  Ukely  to  be  taken 
if  the  concentrations  at  the  site  are  so  low  that  they  are  "obviously"  background; 

(c)  it  is  possible  that  some  samples  taken  as  background  at  sites  were  not  included  in  reports 
submitted  to  MADEP; 

(d)  hi^  background  samples  at  sites  may  have  been  mistaken  for  contaminated  samples  and 
not  identified  as  "background". 

The  use  of  these  values  in  a  C.21E  risk  characterization  is  discussed  in  Section  2.3.3. 
These  values  are  intended  for  use  in  determining  whether  levels  of  metals  at  non- 
urban  2  IE  sites  are  consistent  with  background.  They  are  not  necessarily 
appropriate  for  use  at  urban  sites  or  for  use  in  meeting  the  regulatory  requirements 
of  other  programs. 

2.3.2.2       Background  Sample  Collection  and  Analysis 

Site-specific  background  determinations  are  necessary  for  chemicals  not  included  in  the 
hst(s)  of  generic  MADEP  Background  Concentrations.  Site  specific  background 
determinations  may  also  be  made  where  it  is  believed  that  site-specific  background  may, 
in  fact,  be  higher  or  lower  than  the  published  Massachusetts  values.  For  many 
chemicals,  including  chlorinated  organic  compounds,  expected  background  levels  would 
be  non-detect,  and  the  risk  assessor  may  adopt  a  background  concentration  of  zero  (or 
ND)  without  further  analysis. 

When  site-specific  background  levels  are  needed,  the  collection  of  adequate  data  to  define 
background  conditions  requires  consideration  of  the  number  of  samples  to  collect,  the 
sample   location   and   the   sample   collection   methodology   and   timing.      When  site 


Gaidance  for  Dispoaal  Site 
Rink  Characterisation 


Interim  Final  Policy  WSC/OBS45-141 
MassachusetU  DEP,  Jaly  1995 


2-34 


concentrations  are  to  be  compared  to  background,  a  characterization  of  background 
conditions  is  needed  for  each  media  sampled  as  part  of  the  site  investigation.  Under 
most  circimistances,  backgroimd  is  characterized  by  collecting  site-specific  environmental 
samples. 

Background  sample  collection  and  sample  analysis  methods  should  be  consistent  with 
those  for  other  site-related  samples.  For  example,  if  siuiicial  soil  samples  are  being 
collected  in  a  source  area  with  a  hand  auger,  then  the  same  technique  should  be  used 
to  collect  backgroimd  samples.  In  addition,  backgroimd  samples  should  be  handled  in  the 
same  fashion  as  site  samples.  For  example,  if  groundwater  samples  are  collected  and 
filtered  on-site,  the  background  groundwater  samples  should  be  filtered  as  well.  Use  of 
the  same  sample  collection  technique  and  preparation  will  limit  differences  in  results 
which  are  potentially  attributable  to  sample  handling.  Additional  information  on 
sampling  methods  and  analyses  is  contained  in  Section  2.2,  Determining  the  Nature  and 
Extent  of  Contamination. 

Background  and  site  samples  should  be  collected  concurrently  whenever  poi^ible,  to 
ensure  that  the  analytical  results  are  comparable.  This  is  particularly  important  for 
media  where  concentrations  may  vary  or  fluctuate  with  time,  such  as  groundwater, 
surface  water  and  indoor  or  ambient  air.  By  collecting  the  samples  at  the  same  time,  you 
can  attempt  to  control  for  seasonal  variations,  changing  weather  conditions  and  possible 
effects  associated  with  the  fate  and  transport  of  contaminants  in  the  environment. 

Timing  is  less  of  an  issue  when  the  medium  and  contaminants  are  more  stable  in  the 
environment,  such  as  metals  in  soils  at  depth,  where  backgroimd  concentrations  are  likely 
to  remain  more  constant  over  time.  Nevertheless,  collecting  and  analyzing  both  site  and 
background  soil  samples  at  the  same  time  in  the  same  way  will  reduce  the  chance  of 
introducing  differences  in  the  results  that  are  just  artifacts  of  sampling  and  analysis 
procedures  and  are  not  actually  representative  of  site  conditions. 

Collection  of  both  background  and  site  samples  should  be  conducted  in  accordance  with 
Environmental  Sample  Collection  and  Analyses,  set  forth  in  310  CMR  40.0017. 
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Number  of  Backsfround  Samples 

A  sufficient  niunber  of  samples  must  be  taken  to  allow  a  meaningful  comparison  of 
background  concentrations  to  site  concentrations.  Generally  speaking,  more 
background  samples  are  required  if: 

•  there  is  high  variation  in  the  concentration  of  analytes  in  the  background  data  set 
(indicated  by  a  coefficient  of  variation  greater  than  50),  or 

•  if  contamination  exists  in  more  than  one  medium,  or 

•  if  small  differences  (small  minimum  detectable  relative  difference  in  inferential 
statistical  tests)  between  site  concentrations  and  backgrounds  may  be  of  concern. 
When  it  is  acceptable  not  to  detect  small  differences  between  background 
concentrations  and  site  concentrations,  fewer  samples  are  required. 

When  an  argument  is  being  presented  that  remediation  of  a  site  is  unnecessary 
because  the  site  concentrations  are  consistent  with  background  (i.e.,  when  a  Class  B 
RAO  is  sought),  or  that  a  permanent  solution  has  been  achieved  because  site 
concentrations  have  been  reduced  to  background  concentrations,  a  siifficient  niunber 
of  background  samples  must  be  collected  to  support  this  assertion.  The  specific 
number  of  samples  needed  depends  in  part  upon  the  method  used  to  compare  the 
resxilts. 

A  nxunber  of  documents  have  been  prepared  by  USEPA  which  describe  approaches 
to  determining  what  is  an  adequate  number  of  samples.  A  particxilarly  useful 
pubhcation  is  the  Guidance  for  Data  Useability  in  Risk  Assessment  (USEPA,  1992)^ 
hereafter  referred  to  as  Guidance  for  Data  Useability.  An  understanding  of  basic 
statistics  is  helpful  in  determining  background  sample  size.  In  the  section  vdiich 
follows,  entitled  Approaches  to  Comparisons  with  Background,  a  brief 
explanation  of  common  statistical  terms  is  provided.  It  may  be  helpful  however,  to 
refer  to  a  basic  statistics  text  (such  as  Cochran,  1977;  Green,  1979;  Snedecor,  1980) 
for  additional  information  and  a  more  detailed  presentation. 

The  Guidance  for  Data  Useability  contains  equations  (in  its  Appendix  IV)  that  can  be 
used  to  calculate  the  minimum  number  of  samples  required  to  achieve  specific 
statistical  goals,  such  as  levels  of  power,  confidence  and  minimum  detectable  relative 
difference  (MDRD).  It  is  clear  from  discussions  in  environmental  statistics  texts  that 
the  range  of  chemical  concentrations  reported  is  as  important  as  the  magnitude  of  the 
concentrations  when  making  background-to-site  comparisons.  The  Guidance  for  Data 
Useability  gives  specific  examples  to  demonstrate  the  influence  that  variabihty  among 
samples  has  on  the  number  of  background  samples  required  at  a  site. 
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When  considering  the  number  of  background  samples  needed  to  evaluate 
variability  in  the  background  data,  the  users  of  either  common  sense  or 
statistics  will  conclude  that  one  or  two  samples  are  generally  insufficient. 

It  is  important  to  remember  that  not  all  backgroimd  samples  will  need  to  be  analyzed 
for  all  analytes.  In  order  to  minimize  costs  and  streamline  this  assessment,  those 
analytes  that  exhibit  a  low  degree  of  variabihty  would  require  fewer  background 
samples  to  be  analyzed.  Thus,  a  cost  saving  could  be  obtained  if  only  the  analytes 
with  a  high  degree  of  variabihty  are  anal3^ed  for  in  every  background  sample. 

Selection  of  Background  Sample  Locations 

Background  samples  are  collected  to  assess  the  levels  of  contaminants  that  would 
exist  in  the  absence  of  the  disposal  site  of  concern,  which  are  ubiquitous  and 
consistently  present  in  the  environment  at  and  in  the  vicinity  of  the  disposal  site  of 
concern,  and  are  attributable  to  geologic  or  ecologic  conditions,  atmospheric  deposition 
of  industrial  process  or  engine  emissions,  fill  materials  containing  wood  or  coal  ash, 
or  petroleum  residues  that  are  incidental  to  the  normal  operation  of  motor  vehicles" 
(310  40.0006).  Backgroimd  samples  should  be  collected  in  locations  that  are  relatively 
undisturbed,  unstained  and  unlikely  to  have  been  used  for  handUng  or  storing  oil  or 
hazardous  materials,  or  to  have  been  affected  by  oil  or  hazardous  materials  migrating 
to  that  location.  The  sampling  location  should  be  based  upon  similarity  of  the 
medium  and  environmental  conditions  at  the  background  area  and  the  disposal  site's 
conditions. 

The  location(s)  selected  to  collect  background  samples  may  be  either  inside  or  outside 
of  a  property  boundary.  The  risk  assessor  should  allow  for  additional  time  when 
scoping  this  task  if  access  to  a  property  is,  or  could  be,  an  issue.  There  may  be 
situations,  particularly  in  some  urban  and  heavily  industrial  areas,  where  a  suitable 
location  is  not  available  on  an  adjacent  property,  and  background  samples  must  be 
collected  further  from  the  site.  Background  samples  should  not  be  collected  off-site 
in  areas  affected  by  another  disposal  site. 

A  review  of  any  existing  historical  records  and  the  current  environmental  setting, 
along  with  physical  observations  and  field  screening  data,  can  be  used  to  select  an 
appropriate  location  for  a  site-specific  backgroimd  sample.  This  type  of  information 
should  be  readily  available  from  the  site  project  manager,  as  this  is  basic  information 
for  most  site  investigations. 

All  available  historical  records  regarding  the  use  of  oil  and  hazardous  materials  at  the 
disposal  site  and  in  the  local  area  should  be  reviewed.  Some  typical  examples  of  such 
records    might    include,    but    are    not    limited    to,    records    available    from   the 
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Massachusetts  DEP,  the  United  States  Environmental  Protection  Agency  (USEPA), 
the  local  Board(s)  of  Health,  the  local  Fire  Department(s)  and  the  local  Water 
Department.  It  is  also  helpful  when  possible  to  obtain  historical  aerial  photographs 
of  the  disposal  site. 

The  environmental  setting  may  provide  information  on  where  to  collect  a  background 
sample,  such  as  the  upgradient  direction  for  groundwater  or  the  upstream  direction 
of  a  river.  Conversely,  the  environmental  setting  may  indicate  locations  where 
background  samples  should  not  be  collected,  such  as  a  surface  area  affected  by  runoff 
from  the  disposal  site. 

In  the  field,  physical  observations  can  often  provide  a  great  deal  of  information. 
Observations  of  staining,  odors,  soil  disturbances  or  stressed  vegetation  should 
eliminate  an  area  from  consideration  as  a  possible  location  to  collect  background 
samples.  Field  screening  data  can  also  be  evaluated  to  locate  a  background  area. 
Backgroimd  samples  should  not  be  collected  in  areas  of  elevated  screening  data.  In 
general,  optimal  locations  for  collecting  background  samples  are  areas  where  Tninim^l 
ciurent  or  past  human  activity  has  occurred.  For  example,  in  a  rural  or  suburban 
area,  a  mature  stand  of  trees  may  provide  an  area  of  relatively  imdisturbed  soiL 
However,  be  aware  that  just  because  field  screening  resiilts  are  negative  and  the  area 
where  the  samples  were  collected  appeared  undisturbed,  one  cannot  always  be 
absolutely  certain  that  the  area  actually  represents  background  conditions,  and  has 
not  been  affected  by  oil  or  hazardous  material.  If  site-specific  background 
concentrations  are  high  relative  to  typical  background  levels,  a  decision  to  use  those 
data  to  make  a  background  determination  must  be  justified  by  other  geolc^cal  or 
historical  information. 

Media-Specific  Backgroimd  Considerations 

Many  of  the  factors  that  are  important  in  determining  backgroimd  conditions  are 
media-specific.  A  discussion  of  media  specific  background  considerations  is  addressed 
below. 

Groundwater 

Background  groundwater  samples  should  be  coUected  from  an  area  which  is  hydratdically 
upgradient  of  the  disposal  site.  The  background  location  should  be  an  area  which  is  b^eved  to 
be  unaffected  by  other  releases.  The  depth  of  geological  strata  from  which  the  backgroimd 
samples  are  collected  should  be  consistent  with  the  sampUng  depth  for  the  site  samples,  such 
that  the  samples  are  obtained  in  the  same  water-bearing  unit.  For  example,  when  sampling 
overburden  wells,  the  background  samples  should  not  be  collected  in  the  bedrock  aquifer. 
Groundwater  flow  direction  should  be  considered  separately  for  each  water  bearing  unit  when 
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locating  background  sampling  locations,  since  the  upgradient  direction  may  be  different  for 
different  units. 

The  question  of  whether  the  groundwater  samples  in  general  should  be  filtered  is  addressed  in 
the  Section  on  Exposure  Point  Concentration.  The  only  issue  pertaining  to  filtering  background 
samples  is  that  of  consistenQr.  Therefore,  whether  background  groundwater  samples  from  the 
disposal  site  should  be  filtered  is  dependent  upon  whether  the  site  groundwater  samples  were 
filtered. 

SoU 

Background  soil  samples  should  be  collected  from  an  area  where  soil  conditions  are  similar  to 
the  soil  samples  collected  for  the  site  investigation,  ^eluding  the  impact  of  the  site  in  question. 
Soil  can  be  classified  into  groups  based  upon  physical  characteristics.  This  classification  is 
routinely  conducted  by  a  geologist  during  field  investigations.  The  phj^ical  characteristics  most 
commonly  evaluated  include  grain  size,  color,  moisture  content,  organic  carbon  content, 
gradation  and  plasticity. 

It  is  important  to  consider  sampling  depth  when  collecting  background  soil  samples.  Surfidal 
soil  samples  are  much  more  likely  to  be  affected  by  atmospheric  conditions  and  industrial 
processes  than  soil  samples  collected  at  depth.  It  may  be  necessary  to  collect  background 
samples  at  various  depths  at  a  site  to  adequately  characterize  background  conditions. 

It  is  useful  to  take  a  soil  core  sample  and  examine  bedding  patterns  to  see  if  there  has  been 
much  soil  disturbance.  This  will  help  determine  if  composites  on  selected  horizons  (e.g.  0-5  cm 
depth)  are  most  appropriate. 

Surface  Water 

The  collection  of  background  samples  in  a  surface  water  body  will  vary  depending  upon  the  lype 
of  water  body.  In  the  case  of  rivers  and  streams  the  background  samples  should  be  collected 
from  a  physically  similar  location  upstream  of  the  site  in  an  area  were  site  contaminants  are 
unlikely  to  migrate.  When  a  pond  or  lake  is  impacted  by  oil/hazardous  materials  (OHM),  a 
background  samphng  location  may  be  available  in  the  same  water  body  at  a  distant  location 
from  the  site.  If  however,  the  entire  pond  has  been  affected  it  may  be  necessary  to  investigate 
collecting  background  samples  from  a  similar  pond  in  the  same  drainage  basin.  When  a 
"reference  pond"  is  used,  special  consideration  should  be  given  to  morphological  characteristics 
such  as  size,  depth,  surface  water  turnover  rate  and  geology,  and  to  lake  trophic  status  as  often 
judged  by  color,  pH,  chlorophyll  a  content,  biological  standing  crop  and  diversity. 

When  selecting  any  surface  water  location  for  collecting  background  samples  the  surroimding 
conditions  should  always  be  compared  to  conditions  at  the  site.  Some  factors  to  consider 
include:  industrial  development  in  the  area,  presence  of  roadways,  culverts  or  run-off  areas.  The 
Massachusetts  Department  of  Fisheries,  Wildlife  and  Environmental  Law  Enforcement 
maintains  historical  records  of  activities  of  many  water  bodies  in  the  state  which  are  invaluable 
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for  determining  historical  impacts  to  the  water  bodies.  In  addition,  field  screening  techniques 
may  be  helpful  in  determining  if  the  background  surface  water  characteristics  are  similar  to  the 
surface  water  conditions  at  the  site.  Some  field  screening  techniques  commonly  used  include  pH, 
conductivity,  dissolved  oxygen  and  temperature.  Of  course,  it  is  important  to  note  that  some 
of  these  parameters  may  be  altered  as  a  direct  result  of  the  OHM  from  the  site,  which  is  why 
they  can  be  used  to  indicate  non-background  conditions.  It  may  also  be  helpful  to  collect  the 
background  samples  at  water  depths  similar  to  those  selected  for  site  sampUng. 

Sediments 

Many  of  the  factors  considered  in  the  collection  of  surface  water  samples  hold  true  for  the 
collection  of  background  sediment  samples.  However,  in  addition  to  those  issues  it  is  also 
important  to  consider  sediment  conditions  such  as  color,  organic  carbon  content,  grain  size, 
gradation  and  redox  status.  Also,  where  possible,  the  current  velocity  and  the  depositional 
conditions  should  be  considered  when  identifying  a  background  location. 

Ambient  Air 

Background  ambient  air  samples  can  be  collected  to  analyze  for  the  presence  of  particulate 
matter,  for  specific  chemical  constituents,  or  both.  Obviously,  the  choice  will  be  determined  by 
the  sampUng  design  used  to  collect  the  site  samples. 

Of  primary  importance  in  ambient  air  sampUng  is  the  predominant  wind  direction  for  the  area. 
Background  samples  should  be  collected  in  the  upwind  direction  of  the  site.  It  is  therefore 
necessary  to  collect  information  on  predominant  wind  direction  prior  to  and  during  the  collection 
of  the  site  and  background  samples.  Locating  multiple  samplers  around  the  site  will  improve 
the  chances  of  collecting  adequate  background  sampUng  data. 

Seasonal  variation  should  also  be  considered.  Both  site-related  and  background  air 
concentrations  may  fluctuate  seasonaUy,  so  it  is  important  to  coUect  both  tjrpes  of  samples  at 
the  same  time. 

Another  important  consideration  in  coUecting  background  data  is  distance  from  the  site.  By 
coUecting  background  samples  at  an  increased  distance  from  the  site  the  Ukelihood  of 
interference  from  the  site  itself  can  be  decreased.  This  does  have  a  cost  however,  since 
Ukelihood  of  having  comparable  conditions  ako  decreases  as  you  get  further  away  from  the  site. 
This  may  result  in  increasing  the  Ukelihood  of  impacts  from  sources  that  do  not  impact  the  site. 
It  is  of  particular  importance  that  background  ambient  air  samples  be  coUected  at  the  same  time 
as  site  samples  are  collected  because  the  potential  for  mixing  and  changing  conditions  is  so 
great.  When  possible  the  sampUng  plan  should  control  for  these  types  of  potential  confounding 
variables. 

It  may  be  appropriate  to  collect  some  preliminary  information  on  the  site  and  the  siirrounding 
area  prior  to  actual  ambient  air  sampling,  such  as  identifying  other  potential  sources  of  air 
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contamination  in  the  area,  determining  predominant  wind  direction  and  conducting  some 
preliminary  field  screening. 

Indoor  Air 

The  collection  of  background  samples  for  indoor  air  presents  some  unique  and  different 
problems,  as  compared  to  the  collection  of  other  background  media.  In  each  of  the  previously 
discussed  situations  it  was  recommended  that  site  specific  background  samples  be  collected.  In 
the  case  of  indoor  air,  it  may  not  always  be  best  to  base  background  air  concentrations  on  site 
specific  samples.  There  are  numerous  factors  which  can  result  in  differences  between  site  indoor 
samples  and  background  indoor  air  samples.  A  primary  issue  is  locating  an  appropriate 
background  sampling  location.  It  is  generally  not  appropriate  to  utilize  an  upper  level  of  a 
structure  to  collect  background  samples,  because  lower  concentrations  of  the  same  contaminants 
elsewhere  in  the  building  may  just  be  indicative  of  lower  concentrations  of  the  site  contaminants. 
In  lieu  of  using  the  same  building  to  collect  indoor  air  samples,  background  samples  could  be 
collected  in  a  similar  structure.  However,  regardless  of  how  similar  the  structures  are  there  are 
a  number  of  factors  that  can  lead  to  erroneous  background  samples,  such  as: 

•  differences  in  building  construction  and  design; 

•  differences  in  building  age  and  tightness; 

•  differences  in  building  construction  materials; 

•  differences  in  building  ventilation; 

•  differences  in  volatile  compounds  present  in  the  structures,  unrelated  to  the  disposal  site  of 
concern; 

•  different  effects  from  outdoor  ambient  air  conditions;  and 

•  different  depths  to  the  groundwater  table. 

In  general,  when  sampling  indoor  air,  the  sampling  plan  should  include  an  outdoor  sample  to 
determine  if  the  chemicals  are  unique  to  the  indoor  air. 

In  some  cases,  it  may  be  more  appropriate  to  use  literature  values  to  establish  background  levels 
for  indoor  air.  There  are  recent  publications  available  which  may  be  referenced,  including  Shah 
and  Singh  (1988)  and  Stolwijk  (1990). 

The  use  of  published  values  from  the  literature  may  present  equally  problematic  conditions. 
Shah,  for  example,  compiled  indoor  air  data  which  had  been  previously  collected.  The  studies 
that  contributed  data  were  originaUy  done  for  a  variety  of  purposes.  The  environment  sampled 
mi^t  be  either  a  residential  setting  or  a  workplace  environment.  Moreover,  differences  exist 
between  the  sampling  techniques  utilized,  the  duration  of  the  sample  collection  and  the 
anal)^ical  methods  employed.  The  risk  assessor  should  determine  the  suitability  of  using  any 
published  data  set  and  recognize  that  limitations  exist  for  this  approach  to  background  as  well. 
These  hmitations  should  alwaj^  be  discussed  in  the  text  of  the  report. 

Table  2.3  provides  a  summary  of  mediimi-specific  information  which  should  be 
considered  when  selecting  background  sample  locations. 
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Table  2.3 


CONSIDERATIONS  IN  THE  SELECTION  OF 
BACKGROUND  SAMPT.K  LOCATIONS 

MEDIUM                   BACKGROXJND  SAMPLE  CONSmERATIONS 

^.  .Sj?^?.!^ 

Soil 

•  records  review 

•  OHMfl  at  site 

•  geologic  unit 

•  Mse  and  extent  of  fill 

• 
• 

• 
• 

visual  observations 
field  screening 

sample  collection  depth 
soil  characteristics 

Groundwater 

•  flow  direction 

•  seasonal  fluctuations 

• 

different  water  bearing 
units 

Surface  Water 

•  seasonal  flucttiations 

•  flow  direction 

•  water  quality 
characteristics 

• 
• 

morphological 
characteristics 
sampling  depth  in  the 
water  coltunn 

1           Sediments 

•  deposition 

•  surface  water  flow 
direction 

• 
• 

sediment 
characteristics 
seasonal  fluctuations 

Ambient  Air 

•      predominant  wind 
direction 

• 
• 

seasonal  fluctuation 
distance  from  site 

1           Tndoor  Air 

•  building  construction 

•  construction 
materials 

• 
• 

depth  to  groundwater 
presence  of 

smokersAndoor  storage 
of  sources 

2.3.3    Comparing  Background  Levels  to  Site  Data 

As  described  in  Section  2.3.1,  many  decisions  made  during  the  assessment  and 
remediation  of  c.2lE  disposal  sites  depend  upon  a  comparison  of  site  conditions  to 
background  concentrations.  Determination  of  whether  site  conditions  are  consistent  with 
background  can  be  rehably  made  with  appropriate  statistical  techniques. 

It  should  be  assumed  that  a  detected  chemical  is  present  above 
background  concentrations  unless  it  can  be  otherwise  demonstrated. 
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2.3.3.1  Comparison  of  Site  Data  to  MADEP  Published  Backgrovind  Levels 

The  Department  has  estabUshed  generic  background  soil  levels  at  non-urban  sites  for 
twenty  metals,  as  described  in  Section  2.3.2.1,  and  may  publish  additional  values  in  the 
future.  When  comparing  these  generic  background  levels  to  site  data,  the  risk  assessor 
may  conclude  that  the  concentrations  of  an  oil  or  hazardous  material  is  consistent  with 
background  conditions  if  all  the  site  data  are  equal  to  or  less  than  the  MADEP 
Backgroimd  Level  for  that  chemical. 

All  Site  Data  <   MADEP  Backgroimd  Level 

If  the  analytical  results  from  one  or  more  site  samples  are  greater  than  the  established 
MADEP  Background  Level,  then  the  risk  assessor  may  either:  (a)  collect  site-specific 
background  data  in  an  attempt  to  estabUsh  that  the  site  data  is,  in  fact,  consistent  with 
background  conditions,  or  (b)  conclude  that  the  chemical  is  present  at  levels  greater  than 
background  concentrations  and  proceed  with  the  site  risk  characterization.  However,  in 
any  case  where  site  concentrations  are  substantially  higher  than  the  MADEP 
background  levels,  the  risk  assessor  will  bear  a  relatively  heavy  burden  of  proof 
in  using  site  specific  data  to  demonstrate  consistency  with  background,  and  the 
site  specific  evaluation  will  be  closely  scrutinized  in  any  DEP  review. 

2.3.3.2  Comparison  of  Site-Specific  Background  Levels  to  Site  Data 

The  sampling  design  and  nimiber  of  samples  necessary  to  compare  the  site  contaminants 
to  background  chemical  levels  are  determined  by  the  distribution  of  contaminants,  the 
anal3^ical  variabihty,  the  statistical  methodology  used  for  the  comparison,  and  the 
variation  in  contaminant  levels  at  the  study  and  background  sites  (as  described  in 
Section  2.2).  hi  order  to  eliminate  or  minimize  bias  from  the  site-to-background 
comparison  a  vahd  sampling  design  and  appropriate  test  statistic  should  be  used.  It  is 
advisable  (and  cost  effective)  to  consult  with  a  statistician  before  sampling  to  determine 
the  sampling  design,  number  of  samples,  and  the  appropriate  statistical  test  for  your 
particular  situation.  While  the  specific  statistical  method  needed  to  compare  site  to 
background  contamination  levels  will  vary  according  to  each  evaluation,  an  outline  of 
what  is  expected  in  the  comparison  of  site-to-background  contaminant  levels  and  a 
discussion  of  the  critical  factors  which  must  be  considered  are  provided  in  this  section. 

Summary  Statistics 

Summary,  or  descriptive  statistics  for  both  site  and  the  background  samples  should  be 
provided  in  a  table  in  the  risk  assessment  report.  (The  data  used  to  calculate  the 
statistics  should  be  clearly  referenced  and  available.  These  are  typically  found  in 
appendices  to  the  actual  site  or  risk  assessment.)     The  table  should  provide  the 
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descriptive  statistics  for  the  site  and  background  levels  of  each  contaminant,  including 
the  number  of  observations,  the  median,  minimum,  maximum,  mean,  standard  deviation, 
and  geometric  mean  (see  glossary  of  statistical  terms,  Table  2.4).  It  is  useful  to  include 
in  this  table  the  frequency  and  limits  of  detection  as  well. 


Table  2.4 


Statistical  Measures  Used  In  Comparing  Data  Sets 


Measures  of  Central  Tendency  far  the  Data  Set 

Mean:  the  arithmetic  average,  caloilated  by  summing  the  vahtes  and  dividing  by  the  total  sample  size 


Geometric 
Mean: 

Median: 


Mode: 


the  antilog  of  the  arithmetic  mean  of  a  log-transformed  data  set 

the  50th  percentile  value;  half  the  values  in  the  data  set  are  above  the  median  and  half  the  values 
are  below 

the  value  that  occiu^  most  often  in  the  data  set 


Measures  ftfVariabiUty  or  Spread  in  the  Data  Set 


Range: 

Extremes: 

Percentile: 

Variance: 


Standard 
Deviation: 

Standard 
Error: 

CkiefBcient 
of  Variation: 


a  single  value  which  represents  the  difference  between  the  largest  value  in  the  distribution  and  the 

smallest  value 

the  2  ends  or  limits  of  a  data  set;  the  lowest  and  highest  values 

the  percent  of  individual  values  below  a  particular  value 

a  measiu>e  of  variation  among  individxial  values;  it  is  calculated  as  the  average  squared  deviation  from 
the  mean 


the  square  root  of  the  variance 

the  tmcertainty  or  variability  around  a  mean  or  the  standard  deviation  around 
the  mean 

the  standard  deviation  expressed  as  a  percent  of  the  mean; 
SD/mean  X  100  =CV 


The  median  and  mean  (arithmetic  and  geometric)  indicate  the  middle  or  central  level  of 
the  contaminant,  and  allow  for  a  comparison  of  the  difference  in  the  central  value 
between  site  and  background.  The  range  (minimum  to  maximum)  and  standard  deviation 
measure  the  spread  and  variabiUty  in  the  contaminant  levels  among  the  samples,  and  aid 
in  the  assessment  of  the  differences  in  central  values  between  the  site  and  background. 
Three  to  five  background  samples  may  be  sufficient  in  some  cases  to  calculate  these 
summary  statistics,  but  more  are  recommended  to  make  final  judgements  if  the 
conclusions  are  ambiguous. 
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Descriptive  statistics  may  be  used  to  compare  the  backgroimd  data  set  with  the  samples 
from  the  disposal  site.  This  method  of  assessment  should  be  conducted  when  the 
nimiber  of  background  samples  is  insufficient  to  achieve  the  specified  power  for  an 
inferential  procedure  (see  discussion  below). 

Note:  In  ORS'  experience,  the  use  of  professional  judgement  by  the  risk  assessor 
considering  all  relevant  site  information  (including  historical  use  of  the  site,  etc..)  and 
simple  summary  statistics  is  less  likely  to  lead  to  erroneous  conclusions  than  the  use 
of  a  formal  inferential  statistical  test  with  small  data  sets.  For  example  when  site 
conditions  are  truly  above  background,  the  risk  assessor  is  less  likely  (than  a  statistical 
test  with  insufficient  power)  to  erroneously  conclude  that  the  site  conditions  are 
consistent  with  background. 

Generally  speaking,  the  data  sets  should  be  comparable  in  size  to  provide  meaningful 
comparisons.  [This  should  not,  however,  be  interpreted  to  mean  that  the  number  of  site 
samples  must  be  limited  to  the  number  of  background  samples  taken...]  When  making 
comparisons  based  upon  professional  judgement,  the  risk  assessor  cannot  rely  upon 
objective  statistical  measures  (such  as  power  and  confidence)  to  vahdate  the  conclusions. 
Therefore,  it  is  important  that  the  thought  process  employed  is  described  and  well 
documented  so  that  the  reader  may  evaluate  whether  the  conclusions  are  proper.  (In 
other  words,  when  exercising  professional  judgement,  the  professional  should  docimient 
how  and  why  those  judgements  were  made.) 

When  comparing  summary  statistics,  a  measure  of  central  tendency 
and  a  measure  of  spread  should  be  compared  and  interpreted. 
MADEP  recommends  comparing  the  median  and  maximum  values  of 
each  data  set  to  evaluate  whether  the  site  concentrations  are 
consistent  with  background  levels.  For  values  that  are  lognormally 
distributed,  the  median  is  considered  the  appropriate  measure  of 
central  tendency  to  use  when  comparing  distributions,  because  it  is 
better  than  the  arithmetic  mean  for  representing  the  location  of  the 
lognormal  distribution,  and  it  is  less  heavily  influenced  by  the  skewed 
values  in  the  data  set. 

Since  these  comparisons  are  t)T)ically  one-sided,  meaning  that,  from  a  regulatory 
perspective  MADEP  is  concerned  only  if  the  site  concentrations  are  above  background 
levels,  the  high  end  of  the  observed  concentration  range  (i.e.,  the  maximum  value)  is 
recommended  as  an  indicator  of  the  spread  in  the  data. 

•     If  this  pair  of  summary  statistics  (the  median  and  the  maximima  values)  for  the 
site  data  set  are  greater  than  the  corresponding  values  from  the  background  data 
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set,  then  it  should  be  concluded  that  the  site  data  are  not  consistent  with 
background. 

•  Conversely,  if  both  values  of  this  pair  for  the  site  data  are  equal  to  or  less  than 
the  background  values,  then  it  may  be  concluded  that  the  site  data  are  consistent 
with  backgroimd. 

This  analysis  becomes  problematic  when  the  comparison  of  the  median  values  yields  the 
opposite  result  from  the  comparison  of  the  maximum  values.  For  such  cases,  and  only 
for  such  cases,  MADEP  recommends  a  tolerance  limit  of  50%: 

•  If  the  median  value  of  the  site  data  is  less  than  or  equal  to  the  median  value  of  the 
backgroimd  data,  and  the  maximum  value  of  the  site  data  is  no  more  than  50% 
greater  than  the  maximum  value  for  the  background  data,  then  it  may  be  concluded 
that  the  site  data  is  consistent  with  background. 

•  Conversely,  if  the  maximum  value  of  the  site  data  is  less  than  or  equal  to  the 
maximum  value  of  the  background  data,  and  the  median  value  of  the  site  data  is 
no  more  than  50%  greater  than  the  median  value  for  the  background  data,  then 
it  may  be  concluded  that  the  site  data  is  consistent  with  backgroimd. 

Thus,  shght  differences  in  a  measure  may  not  result  in  a  conclusion  that  a  chemical  is 
a  contaminant  of  concern.  This  tolerance  factor  is  not  intended  to  imply  that  sUght 
exceedances  of  background  levels  are  acceptable,  but  that,  given  the  sampling  uncertainty 
which  exists,  such  results  may  be  indistinguishable  from  background  levels.  Remember 
that  if  the  site  median  and  maximum  values  both  exceed  the  corresponding  background 
levels  (regardless  of  the  magnitude  of  the  differences),  then  that  is  sufficient  evidence 
in  this  simple  approach  to  conclude  that  the  site  data  is  greater  than  background  levels.^ 

The  option  of  summary  statistic  comparisons  has  been  included  for  cases  when  the 
background  and/or  site  data  sets  are  not  large  enough  for  an  acceptable  inferential 
statistical  test.  Nevertheless,  adequate  sample  sizes  are  needed  to  make  reasonable 
decisions.  The  number  of  samples  that  is  sufficient  depends  on  a  variety  of  factors, 
including  site  geology,  the  mixture  of  contaminants  present,  and  the  variabihty  in  the 
concentrations  of  the  contaminants  of  potential  concern.  It  is  not  possible  to  specify  the 
optimal  sample  size  a  priori.    However,  these  "rules  of  thumb"  are  offered  to  provide 


3 

This  approach  is  recommended  because  it  is  simple  to  implement.  It  does  not  have  a  statistical  basis,  in  that  the  data 
distributions  are  not  accounted  for  in  a  quantitative  manner.  Nevertheless,  appl3dng  this  simple  rule  is  unlikely  to  lead  to 
significant  risk  assessment/risk  management  errors.  True  background  concentrations  are  expected  to  exceed  the  MADEP  derived 

values  by  ^0%  or  more  only  in  exceptional  cases. 


Guidance  for  DUpocal  Site  Interim  Final  Policy  WSC/ORS-9S-141 

Risk  Characterisation  MassachusetU  DEP,  July  IMS 


2-47 


If  the  risk  assessor  or  site  manager  believes  that  an 

incorrect  conclusion  is  drawn  due  to  statistical 

uncertainty,  the  option  is  always  available  to 

reduce  that  uncertainty  through  the  collection  of 

additional  background  samples  and/or  performing 

an  inferential  statistical  test  as  discussed  in  the 

next  section. 


rough     indication     of 

what  DEP  is  likely  to 

consider  adequate.     In 

order    to    assess    both 

the    central    tendency 

and  the  variability  of 

the      background 

concentrations     at     a 

location,  a  minimum  of 

three     (3)     must     be 

taken  for  each  contaminated  medium.    This  value  is  considered  a  bare  minimum  for  a 

small,  simple  release  at  a  small  (<  3  acres)  site.    For  a  shghtly  larger  (less  than  five 

acres)  but  still  simple  site  (in  terms  of  geology  and  number  and  distribution  of  chemicals) 

where  the  natm*e  of  the  contamination  is  not  complex,  five  (5)  samples  is  considered  the 

minimum     For  larger,  more  complex  sites,  more  background  samples  would  be  more 

likely  to  provide  a  defensible  result. 


Statistical  uncertainty  due  to  inadequate  sample 
size  can  never  be  used  to  justify  a  conclusion  that 
the  site  conditions  are  consistent  with  background. 


It  is  also  useful  to  graphically  depict  the  site  and  backgroimd  data  sets,  using  the  data 
points,  histograms  or  box  plots,  to  support  this  comparison. 

Summary  statistics  can  provide  a  fair  assessment  of  site  contamination,  but  a  statistical 
test  utihzing  a  sample  size  large  enough  to  provide  appropriate  power  to  detect 
reasonable  difference  in  the  data  is  necessary  to  demonstrate  that  site  concentrations  are 
truly  consistent  with  background  levels. 

Inferential  Statistics 

The  ''gold  standard"  for  comparisons  of  site  and  background  data  is  the  use  of  a  statistical 
test.  Statistical  tests  utihzing  a  sample  size  large  enough  to  provide  appropriate  power, 
confidence  and  minimal  detectable  relative  difference  provide  conclusive  determinations 
about  the  relationship  between  site  concentrations  and  background  levels.  A  statistical 
test  of  the  hypothesis  that  the  contaminant  levels  at  the  site  do  not  significantly  differ 
from  the  background  levels,  if  done  properly,  is  the  most  conclusive  evidence  of  that 
chemical  concentrations  at  the  site  are  consistent  with  background  levels. 
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An  inappropriate  statistical  test  (too  small  a  sample  size 

producing  too  low  of  a  confidence  level  and/or  too  little  power) 

is  insufficient  to  demonstrate  that  site  concentrations  are 

consistent  with  background  levels.   Inappropriate  statistical 

methods  and/or  insufficient  sample  sizes  are  no  better  than 

simple  assessment  of  summary  statistics,  and  may  euen  lead  to  a 

false  conclusion  that  would  not  be  drawn  from  the  summary 

statistics. 


While  cost  is  a  consideration  when  using  the  proper  sample  size  and  design  to  evaluate 
contaminant  levels  at  a  site  relative  to  background,  it  may  prove  cost  effective  to  spend 
more  money  in  the  preliminary  assessment,  rather  than  investing  in  an  inappropriate 
solution  based  on  incomplete  information  and  then  having  to  redo  the  project  after 
further  analysis  reveals  flaws  in  the  original  site  assessment. 

There  are  nimaerous  statistical  methods  that  could  be  used  for  comparing  site  and 
backgroimd  contamination  levels.  These  methods  can  be  generally  divided  into  two 
categories  (parametric  and  nonparametric),  and  selection  of  the  appropriate  method 
depends  on  the  distribution  of  the  contaminant  data.  Nonparametric  tests  have  more 
relaxed  assimiptions  than  parametric  tests  but  they  tend  to  be  less  sensitive  to 
differences  between  data  sets  than  parametric  tests.  For  this  reason,  parametric  tests, 
when  appUcable,  are  preferred  for  comparing  site  and  backgroimd  data.  Nonparametric 
tests  such  as  the  Wilcoxon  Rank  Siun  Test  or  the  Kruskal-WaUis  Test  can  be  used 
effectively,  however,  and  may  be  appropriate  in  some  cases  for  comparisons  of  site  data 
to  background  levels.  Risk  assessors  are  referred  to  pubUshed  texts  on  nonparametric 
statistics,  such  as  Conover  (1971)  or  Hollander  (1973). 

One  of  the  assumptions  of  many  parametric  tests  is  that  the  data  are  nonnalfy' 
distributed.  There  are  several  tests  (for  example:  Shapiro  and  Wilk,  1965;  Royston, 
1982)  to  assess  whether  data  are  normally  distributed,  all  of  which  need  ten  samples  or 
more  to  have  much  vahdity.  If  the  data  are  not  normally  distributed,  there  are  a  number 
of  transformations  which  could  be  used  to  achieve  normally  distributed  data.  Tlie  log 
transformation  is  commonly  used,  and  is  often  appropriate  for  contaminant  data.  If  the 
contaminant  data  are  normally  distributed  and  if  the  other  assumptions  of  the  parametric 
statistics  are  met,  then  parametric  statistical  comparisons  are  more  sensitive  to 
differences  in  contaminant  levels  between  locations  than  nonparametric  tests.  Snedecor 
(1980)  provides  clear  summaries  of  parametric  tests  (such  as  the  t-test  and  ANOVA  test) 
and  compares  them  to  some  nonparametric  tests. 


Guidance  for  Disposal  Site 
fOak  Characterization 


Interim  Final  Policy  WSC/OKS4S-141 
MawachnietU  DEP,  Mtf  ] 


2-49 


When  a  parametric  test  is  based  on  a  comparison  of  the  means  of  two  distributions,  the 
means  must  represent  members  of  normal  distributions.  The  underlying  concentration 
distribution  (of  individual  data  points)  need  not  be  normally  distributed.  Therefore,  for 
parametric  tests  that  compare  means,  it  may  not  always  be  necessary  to  transform 
lognormally  distributed  data  before  employing  the  statistical  test. 

The  risk  assessor  or  statistician  conducting  the  analysis  must  determine  whether  to  apply 
a  statistical  test  to  the  available  data,  to  identify  the  most  appropriate  and  sensitive  test, 
and  to  assure  that  the  underlying  requirements  and  assumptions  of  the  test  are  met. 
The  data  sets  encountered  in  environmental  sampling  at  disposal  sites  are  never  ideal, 
because  the  sample  sizes  are  always  small  for  statistical  purposes  and  the  distributions 
of  values  are  never  perfect  normal  or  lognormal  distributions.  Therefore,  an  extensive 
iinderstanding  of  the  principles  and  practice  of  statistics  is  needed  to  apply  inferential 
techniques  appropriately. 

Every  report  using  a  statistical  test  for  site  contamination  should  contain  a  discussion  of 
the  power,  confidence  level,  and  the  minimum  detectable  relative  difference  between  the 
site  and  background  contaminant  levels.  These  should  be  considered  before  sampling  a 
site,  because  they  are  the  criteria,  along  with  a  measiu-e  of  the  variabihty  in  contaminant 
levels,  that  the  risk  assessor  (or  a  statistician)  needs  to  determine  the  requisite  number 
of  samples  for  the  analysis.  They  also  inform  the  site  manager  or  reviewer  about  the 
vahdity  of  the  conclusions,  or  the  likelihood  of  drawing  erroneous  conclusions  from  the 
analysis  of  site  data. 

Assuming  that  the  null  hypothesis  is  defined  by  the  statement  "There  is  no  difference  in 
contaminant  levels  between  the  site  and  background",  the  three  performance  criteria  of 
interest;  power,  confidence  and  Minimuni  Detectable  Relative  Difference  are 
described  in  Figure  2.1.  (If  the  null  hj^othesis  is  reversed,  "There  is  a  real  difference 
between  the  site  and  background  data",  then  the  discussion  of  power  which  follows  would 
be  apphcable  to  the  confidence  level,  and  vice  versa.) 

The  ideal  analysis  of  background  and  site  data  provide  close  to  100%  power  at  a  very  high 
confidence  level  (also  near  100%).  Such  ideal  conditions  are  unUkely  to  occur  at  c.2lE 
sites,  however,  so  the  risk  assessor  must  consider  which  factors  are  most  important  so 
that  the  analysis  will  result  in  credible  conclusions.  From  a  regulatory  viewpoint,  the 
power  of  the  analysis  is  of  primary  importance.  The  power  of  inferential  techniques 
appUed  to  data  at  typical  hazardous  waste  sites  is  expected  to  range  from  50%  to  over 
90%.  If  the  power  of  a  test  is  lower  than  60%,  the  results  should  not  be  considered 
conclusive,  and  should  not  be  taken  as  evidence  that  site  concentrations  are  consistent 
with  background  levels.  For  non-urban  sites  where  concentrations  substantially  exceed 
DEP  pubhshed  background  levels,  the  risk  assessor  bears  a  heavier  burden  of  proof,  and 
the  power  of  the  test  should  be  greater  than  90%  to  justify  a  conclusion  that  site 
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concentrations  are  attributable 
to  background.  Sites  where 
there  is  geological  or  historical 
information  that  explains  the 
higher  levels  are  considered 
exceptions  to  this  rule. 

Power  (1-/3)  should  be  as 
high  as  possible  so  that  the 
analysis  correctly  identifies 
site  conditions  which  are 
greater  than  background 
levels.  At  a  minimum, 
power  should  be  as  high  as 
necessary  to  draw  a 
conclusion. 

Low  statistical  power  could 
result  in  the  erroneous 
conclusion  that  a  truly 
contaminated  site  poses  no 
significant  risk  of  harm 
because  it  was  consistent  with 
background  conditions  when, 
in  fact,  a  risk  assessment 
should  be  conducted  to 
evaluate  potential  risks. 
Analyses  performed  with  low 
statistical  power  could 
therefore  inadvertently 
jeopardize  public  health. 


Figure  2-1 


The  confidence  level  is  of 
lesser  importance  in  this 
specific  statistical  appHcation 
as  T5T)e  I  errors  would  result 
in  chemicals  present  at 
background  levels  being 
evaluated  in  the  risk  assessment 
environment. 


Important  Parameters  for 
Statistical  Comparisons 

Examples  assume  the  null  hypothesis  being  tested  is: 

""There  is  no  difference  in  contaminant  levels  between  the 

site  and  background" 

Confidence  Level:  The  confidence  level  is  1  -  a  (times  100 
for  a  percentage),  where  a  (alpha)  is  the  (one-sided) 
probability  of  concluding  that  the  site  chemical 
concentrations  are  greater  than  backgroimd  when,  in  fact, 
the  site  concentrations  are  consistent  with  reported 
background  levels.  Alpha  is  also  known  as  Type  I  error,  or 
the  probability  of  rejecting  the  null  hypothesis  when  it  is 
true  (i.e.,  a  false  positive).  The  confidence  level  is  the 
probability  of  correctly  concluding  that  the  site 
concentrations  are  consistent  with  background,  and  this 
level  should  be  as  close  to  1  (or  100%)  as  possible. 

Power:  Power  is  1  -  /3  (times  100  for  a  percentage),  where 
/3  (beta)  is  the  probabiUty  of  concluding  that  the  site 
concentrations  are  consistent  with  background  when,  in 
fact,  the  site  concentrations  are  greater  than  background. 
Beta  is  also  known  as  the  Type  11  error,  or  the  probabihty 
of  accepting  the  null  hypothesis  when  it  is  false  (i.e,  a  false 
negative).  Power  (1-beta)  is  the  probability  of  rejecting  the 
null  hypothesis  when  it  is  false,  or  the  probabiUty  of 
correctly  concluding  that  the  site  concentrations  are 
greater  than  background  levels.  Power  should  be  as  dose 
to  1  (or  100%)  as  possible. 

MDRD:  The  minimum  detectable  relative  difference  is  the 
percent  difference  required  between  the  site  and 
background  contaminant  levels. 

Sample  Size:   The  number  of  samples  in  a  data  set. 


Such  an  error  would  not  pose  a  risk  to  health  or  the 
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Power  is  not  an  independent  variable,  however.   The  power  of  a  statistical  test  depends 
upon  three  related  factors: 

(1)  the  acceptable  a,  or  Type  I  error.  The  power  of  a  test  can  be  increased  if  a  is 
increased  (i.e.,  if  the  confidence  level  is  decreased).  In  the  extreme,  however, 
reducing  the  confidence  level  in  order  to  increase  the  power  of  the  analysis 
defeats  the  piu-pose  of  this  assessment  as  it  would  be  rare  to  conclude  that  a 
chemical  is  present  at  levels  consistent  with  background.  Type  I  error  should  not 
be  greater  than  0.5. 


mcreasmg 
specifying 
statistician 
specifying 


(2)  the  minimum  detectable  relative 
difference  (MDRD).  Since  it  is 
easier  to  detect  larger  differences 
in  data  sets  than  it  is  to  detect 
sHght  differences,  the  power  of  a 
test  can  be  increased  by 
the     MDRD.  In 

the  MDRD,  the 
(or  risk  assessor)  is 
how  far  above 
background  the  chemical 
concentration  would  have  to  be 
before  it  is  considered  important. 
An  analysis  using  an  extremely 
high  MDRD  would  be 
meaningless,  however,  as  the 
increased  statistical  power  would 
be  gained  at  the  cost  of  missing 
sites  with  potentially  significant 
contamination.  The  Minimum 
Detectable  Relative  Difference 
(MDRD)  achieved  should  be  no 
greater  than  50%  of  the  median 
value  of  the  background  data  set 
(in  a  test  of  log-transformed  data 
sets  the  MDRD  should  translate 
into  an  increment  no  greater  than 
50%  of  the  median  value  of  the 
untransformed  background  data 
set.) 


Table  2.5 


Types  of  EIrroneous  Conclusions 

When  Comparing  Site  and  Background  Data 

Using  Inferential  Statistics 

Assumes  the  null  hypothesis  (HJbeing  tested  is: 

There  is  no  difTerence  io  chemical  concentrations  between 

site  and  background.* 


Actu^Condtton 

Chemical 

concentration 

Chemical  present  at 

greater  than 

background 

Conclusion  from 

t>ackground 

concentratioru 

ststistical  analysis 

{H„  is  false) 

(H„  is  true) 

Chemical 

concentration  is 

correct  conclusion 

incorrect  conclusion 

greater  than 

1-^ 

Type  1  error 

background 

a 

(Reject  Hjj) 

Chemical  present  at 

incorrect 

background 

conclusion 

correct  conclusion 

concentrations 

Type  II  error 

1  -o 

(Accept  Hq) 

P 

(Table  modified  from  Glantz,  1981) 
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(3)  the  number  of  site  and  background  samples  which  have  been  taken.  The  simplest 
way  to  increase  the  power  of  a  statistical  test  is  to  increase  the  number  of 
background  and/or  site  samples.  The  number  of  site  and  backgroimd  samples 
should  be  approximately  the  same  to  maximize  the  power  for  a  given  total  number 
of  samples.  Note  that  increasing  the  number  of  samples  will  also  increase  the 
confidence  level  of  the  test  as  well. 

The  risk  characterization  report  should  include  the  calculations  of  power  and 
confidence  for  the  statistical  test  conducted,  and  a  discussion  of  the  implications  of  the 
results  of  those  calculations.  The  Minimum  Detectable  Relative  difference  should  be 
identified,  and  that  value  should  be  small  enough  to  be  sure  that  sites  with 
contamination  above  background  levels  wHl  likely  be  identified. 

The  risk  assessor  should  expUcitly  consider  these  factors  when  discussing  data  needs  with 
the  site  manager  (i.e.,  when  determining  the  necessary  number  of  site  and  background 
samples).  The  EPA's  Guidance  for  Data  Useabihty  discusses  in  detail  the  relationships 
between  alpha,  beta,  minimum  difference,  data  set  variance  and  how  to  estimate  sample 
size. 
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2.4       CONTAMINANTS  OF  CONCERN 

All  chemicals  detected  at  the  site  should  be  considered  contaminants  of  concern  and  should 
be  carried  through  the  risk  assessment  process,  unless  there  is  a  specific,  justifiable  rationale 
for  dropping  the  contaminant  from  the  quantitative  risk  characterization.  The  selection  of 
contaminants  of  concern  should  be  evaluated  in  Ught  of  the  specific  conditions  associated 
with  each  individual  disposal  site.  The  risk  assessment  report  should  document  the  process 
of  identifying  the  contaminants  of  concern,  and  it  should  list  the  chemicals  that  are 
identified  for  both  the  human  health  risk  assessment  and  the  ecological  risk  assessment. 
The  specific  basis  for  eliminating  a  chemical  detected  at  the  site  from  the  list  of 
contaminants  of  concern  should  be  clearly  delineated  in  the  text  of  the  report. 

All  oil  and  hazardous  material  detected  at  a  site  should  be  included  in  the  risk  assessment 
unless  one  of  the  following  conditions  is  true: 

•  The  chemicals  are  present  at  a  low  frequency  of  detection  and  in  low  concentrations;  or 

•  The  chemicals  are  present  at  levels  which  are  consistent  with  "background" 
concentrations  for  the  area  and  there  is  no  evidence  that  their  presence  is  related  to 
activities  at  the  site;  or 

•  The  chemicals  are  field  or  laboratory  contaminants. 
Each  of  these  rationales  will  be  discussed  individually. 


NOTE'.  It  is  important  to  recognize  that  the  term  "contaminant  of  concern"  is  not  synonymous  with  the 

term  "indicator  chemical".  The  latter  term,  was  previously  used  by  the  EPA  when  a  particular 
chemical  was  vised  as  an  indication  of  the  presence  of  or  risk  posed  by  other  contaminants  at  the 
site.  The  EPA  no  longer  advocates  the  use  of  indicator  chemicals  because  the  practice  may  not 
accurately  reflect  the  total  site  risk  and  in  general  may  detract  from  the  accuracy  of  the  risk 
assessment.  The  EPA  now  recommends  the  use  of  chemicals  of  potential  concern  [Risk  Assessment 
Guidance  for  Superfund  Volume  1  Human  Health  Evaluation  Manual,  Interim.  Final, 
December  1989]. 


2.4.1    The  Role  of  the  Risk  Assessor 

The  data  collected  at  the  site  must  be  reviewed  by  the  risk  assessor.  Once  the  analytical 
data  £ire  determined  to  be  sufficient  for  risk  assessment  purposes,  the  contaminants  of 
concern  can  be  identified.  As  a  general  rule,  the  samphng  data  is  likely  to  be  sufficient 
if  the  samples  are  sufficiently  representative  of  the  exposure  area;  the  data  quahty 
conforms  with  the  guidance  in  Section  2.2:  the  samples  have  been  collected  and  handled 
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in  accordance  with  standard  procedures  for  the  collection  methodology;  and  the  samples 
were  analyzed  at  a  certified  laboratory  in  accordance  with  appropriate  laboratory 
methodologies  and  estabhshed  protocols,  including  the  criteria  for  environmental  sample 
collection  and  analyses  set  forth  in  310  CMR  40.0017. 

2.4^    Very  Low  Frequency  of  Detection  and  Concentration 

Substances  detected  at  very  low  frequencies  and  concentrations  may  be  omitted  from  the 
risk  assessment  process.  The  purpose  of  this  criterion  is  to  eliminate  from  a  risk 
assessment  any  substance  that  is  not  present  consistently  enough  or  at  high  enough 
concentrations  to  contribute  to  exposure. 

Low  Concentrations 

The  term  Very  low  concentration"  refers  to  the  concentration  of  the  chemical  relative  to 
the  method  detection  limit.  For  the  chemical  to  be  identified  as  a  contaminant  of 
concern  it  must  be  present  in  a  concentration  above  the  detection  limit.  As  the  chemical 
concentration  approaches  the  method  detection  limit  however,  the  level  of  confidence  in 
accurate  quantitation  decreases.  The  method  detection  limit  (MDL)  is  the  smallest 
concentration  of  a  chemical  which  can  be  accurately  measured  considering  the 
instrumentation  and  background  noise.  The  EPA  defines  the  MDL  as  three  times  the 
standard  deviation  of  seven  rephcate  spiked  samples  nui  according  to  the  complete 
method.  A  further  discussion  of  detection  limits  is  included  in  the  section  of  the  guidance 
entitled  Extent  of  Contamination. 

For  use  in  the  risk  characterization  process,  the  EPA  Guidance  for  Data  Useability  in 
Risk  Assessment  recommends  the  use  of  sample  quantitation  limit  (SQL),  which  is  the 
MDL  adjusted  to  reflect  sample-specific  action,  or  the  MDL  itself.  In  general,  the  risk 
assessor  should  evaluate  the  type  of  detection  hmit  identified  in  the  site  data  as  a  part 
of  an  evaluation  of  the  overall  quahty  of  the  data.  Instnunent  detection  limits  should 
never  be  considered  appropriate  for  use  in  the  risk  assessment.  Use  of  the  MDL  is 
appropriate  and  use  of  method  reporting  limit  or  the  practical  quantitation  limit  (PQL), 
the  MDL  multiphed  by  a  factor  of  2  to  5,  may  be  appropriate.  The  use  of  the  PQL  is 
generally  acceptable,  luiless  the  PQL  is  unusually  high.  The  risk  assessor  should 
consider  the  site  specific  conditions  in  deciding  if  the  use  of  the  PQL  is  appropriate. 

The  risk  assessor  may  have  to  decide  whether  or  not  to  use  qualified  data  in  the  risk 
assessment.  The  data  may  be  qualified  due  to  concerns  regarding  chemical  identification, 
chemical  concentration,  or  botn.  One  of  the  most  commonly  encoimtered  types  of  data 
qualifiers  are  "J"  values,  utihzed  in  the  EPA  Contract  Laboratory  Program  (CLP).  The  use 
of  a  J  value  may  indicate  that  the  identification  of  the  contaminant  is  luicertain  or 
approximate  or  that  the  concentration  of  the  contaminant  in  the  sample  is  uncertain  or 
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approxiinate.  The  USEPA  Risk  Assessment  Guidance  for  Superfund  Volume  I  Human 
Health  Evaluation  Manual,  Interim  Final,  December  1989  (RAGS)  recommends  the  use 
of  J-quaUfied  concentrations,  but  cautions  that  care  should  be  exercised  if  the  risk  is 
being  driven  by  the  quaUfied  data  results. 

When  the  risk  assessor  has  determined  that  the  detection  limit  presented  is  appropriate 
and  the  concentration  of  the  analyte  is  very  close  to  that  detection  limit,  the  next  step 
is  to  determine  the  frequency  of  detection  of  the  analyte  at  the  site. 

Very  Low  Frequency 

The  frequency  of  detection  will  be  evaluated  at  each  disposal  site  based  upon  the  total 
niunber  of  samples  collected,  the  sampling  design  and  the  total  area  sampled.  In  order 
to  estabhsh  that  the  frequency  of  detection  is  very  low,  the  risk  assessor  should  first 
determine  that  the  total  number  of  samples  collected  was  adequate  to  characterize  the 
extent  of  contamination  at  the  site. 

There  is  no  estabhshed  number  for  what  constitutes  very  low  frequency  of  detection,  but 
in  general  this  mmaber  should  be  limited  to  one  or  two  samples.  This  nimiber  will  be  a 
function  of  total  sample  size  and  as  such  it  would  not  be  appropriate  to  consider 
contaminants  detected  in  one  to  two  samples  as  very  low  frequency  when  the  total 
sample  size  was  only  five  or  six  samples.  Generally  speaking,  unless  there  are  at  least 
ten  samples,  very  low  frequency  ought  not  even  be  discussed. 

It  is  also  critical  when  considering  total  sample  size  that  the  samples  included  in  the  total 
were  collected  in  the  same  mediimi  and  that,  within  that  medium,  the  conditions  are 
similar.  For  example,  to  determine  that  the  frequency  of  detection  of  a  contaminant  is 
very  low  in  soil  samples  collected  at  the  site,  the  risk  assessor  should  compare  these 
samples  to  other  soil  samples  collected  at  comparable  depths  in  an  area  where  the  soil 
has  similar  characteristics  (grain  size,  etc). 

When  determining  whether  the  frequency  of  detection  of  a  particular  contaminant  is  very 
low  at  the  site,  it  is  also  important  to  consider  the  spatial  relationship  of  that  sample 
relative  to  other  samples  at  the  site.  For  example,  a  contaminant  may  only  be  detected 
in  2  out  of  20  total  samples,  but  those  two  samples  might  be  located  in  a  particular 
portion  of  the  site  and  may  represent  a  locahzed  area  of  contamination.  The  MCP 
40.0924  (2)  requires  that  locahzed  "hot  spot"  areas  be  dealt  with  as  distinct  exposure 
points.  A  hot  spot  is  defined  in  the  MCP  at  310  CMR  40.0006  and  is  discussed  in  greater 
detail  in  Section  2.2  of  this  guidance. 

Finally,  a  chemical  should  not  be  ruled  out  as  a  contaminant  of  concern,  even  if  the  levels 
are  detected  in  very  low  concentrations  and  very  low  frequency,  when  there  is  historical 
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or  present  use  of  the  chemical  at  the  disposal  site.  In  this  situation,  it  is  not  possible  to 
definitively  conclude  that  a  chemical  detected  in  only  a  small  number  of  samples  is  not 
associated  with  use  of  that  chemical  at  the  site;  therefore  it  should  be  carried  through 
the  risk  assessment. 

2.4.3    Background 

Once  the  presence  of  oil  and/or  hazardous  materials  has  been  docimiented  at  a  disposal 
site,  the  risk  assessor  must  evaluate  the  list  of  chemicals  in  relation  to  background 
conditions. 


Background  is  defined  in  the  Massachiisetts  Contingency  Plan  (MOP)  310  CMR  40.0006  as: 

Those  levels  of  oil  and  hazardous  materials  that  woiild  exist  in  the  absence  of  the  disposal  site 
of  concern  which  are: 

(a)  vibiqmtous  and  consistently  present  in  the  environment  at  and  in  the  vicinity  of  the 
disposal  site  of  concern;  and 

(b)  attributable  to  geologic  or  ecologic  conditions,  atmospheric  deposition  of  industrial 
process  or  engine  emissions,  fill  materials  containing  wood  or  coal  ash,  and/or 
petroleum  residues  that  are  incident  to  the  normal  operation  of  motor  vehicles. 


When  chemicals  are  present  at  levels  which  are  consistent  with  background  and  there 
is  no  evidence  that  the  presence  of  that  chemical  is  related  to  disposal  at  the  site,  then 
those  chemicals  need  not  be  carried  through  the  quantitative  risk  assessment  process. 
The  guidance  addresses  the  determination  of  consistency  with  background  in  much 
greater  detail  in  Section  2.3  on  Background. 

2.4.4    Field  or  Laboratory  Contaminants 

Contamination  may  be  introduced  into  a  sample  during  sample  collection,  transport  or 
laboratory  handling  and  analysis.  A  variety  of  quality  control  samples  such  as  equipment 
blanks,  trip  blanks  and  method  blanks  should  be  collected  and  analyzed  to  determine 
whether  contaminants  are  being  introduced  by  field  or  laboratory  practices  rather  than 
as  a  result  of  the  release.  A  '•areful  review  of  quahty  assurance  and  quahty  control  data 
should  be  conducted  as  part  of  an  investigation  to  avoid  including  chemicals  attributable 
to  sampling  or  laboratory  activities  in  the  assessment,  while  ensuring  that  chemicals 
which  are  site-related  are  not  eliminated  from  further  evaluation.  When  assessing  the 
potential  for  field  or  laboratory  contamination  the  risk  assessor  should  considen 
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•  the  concentrations  of  chemicals  detected  in  both  the  environmental  and  the  blank 
samples; 

•  the  types  of  contaminants  detected  in  the  samples,  with  particular  attention  to 
chemicals  commonly  used  in  a  laboratory  ;  and 

•  historical  information  regarding  chemical  use  at  the  site. 

The  Office  of  Research  and  Standards  (ORS)  recommends  that  when  the  concentrations 
detected  in  the  site  samples  are  higher  than  the  concentrations  detected  in  the  quality 
control  samples,  the  chemicals  should  either  be  considered  contaminants  of  concern,  or 
new  samples  should  be  collected.  In  the  alternative,  when  the  concentrations  detected 
in  the  quahty  control  blank  samples  are  comparable  to  the  concentrations  detected  in  the 
site  samples,  those  contaminants  may  be  eliminated  from  a  quantitative  risk  a^essment, 
unless  those  contaminants  are  otherwise  associated  with  the  site  based  upon  other 
evidence,  such  as  a  history  of  prior  use  of  that  chemical,  or  associated  chemicals,  at  the 
site.  In  this  situation,  it  may  also  be  prudent  to  return  to  the  site  and  collect  both  the 
site  and  the  quahty  control  samples  again.  Although  it  is  acknowledged  that  this  is  not 
always  possible,  this  step  will  aid  in  determining  the  actual  source  of  the  contaminant. 

Table  2.5  identifies  the  recommended  procedure  for  dealing  with  contamination  in  the 
blank  quahty  control  samples. 

Table  2.5 


CONTAMINANT 
CONCENTRATION 


RECOMMENDED 
INITIAL  EVALUATION  ALTERNATIVE  EVALUATION 


Site  Sample  >  Blank  Hesample  Include  in  the  Risk  Assessment  as  a  Contaminant  of  concern 

Site  Sample  <  Blank       Resample  if  deemed  Eliminate  based  upon  other  evidence,  such  as  site  histoiy 

necessary  and  the  natiire  of  the  contaminant 


Although  the  EPA  has  estabhshed  guidelines  to  use  when  comparing  results  from 
analysis  of  blanks  and  of  environmental  samples,  this  approach  is  generally  not 
recommended  for  screening  out  chemicals  at  2  IE  sites.  EPA  guidelines  were  developed 
for  use  at  large  Superfund  sites  where  the  data  sets  are  generally  quite  large.  ORS  does 
not  reconmaend  the  EPA  approach  because  of  the  small  sample  size  frequently 
encountered  at  2  IE  disposal  sites.  If  the  risk  assessor  chooses  to  use  the  EPA  approach, 
technical  justification  for  this  approach  should  be  provided.  However,  when  resampling 
to  confirm  the  presence  or  absence  of  the  contaminant  is  possible,  this  is  often  the  best 
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alternative  for  determining  whether  the  contaminant  is  present  as  a  result  of  the  release, 
or  if  it  was  introduced  during  sample  collection  or  handling. 

2.4.5    Lead  as  a  Contaminant  of  Concern 

The  presence  of  lead  at  a  site  is  often  problematic  because  of  the  way  that  lead  is 
regulated  under  MGL  c.21E  and  the  MOP.  Lead  is  considered  a  ""hazardous  materiaT  and 
as  such  is  regulated  under  MGL  c.  21E.  A  release  or  threat  of  release  of  lead  can  result 
in  classification  as  a  site,  in  accordance  with  MGL  c.  2 IE  Section  2.  There  is,  however, 
a  distinction  between  the  definitions  of  site  and  disposal  site  under  MGL  c.  21E,  and  the 
distinction  is  important  in  that  some  of  the  requirements  set  forth  in  the  MOP  apply 
only  to  disposal  sites  and  not  to  all  sites.   A  site  is  defined  as: 

"...any  building,  structure,  installation,  equipment,  pipe  or  pipeline,  including  any  pipe  into  a 
sewer  or  publicly-owned  treatment  works,  well,  pit,  pond,  lagoon,  impoundment,  ditch,  landfill, 
storage  container,  motor  vehicle,  rolling  stock,  or  aircraft,  or  any  other  place  or  area  where  oil 
or  hazardous  material  has  been  deposited,  stored,  disposed  of  or  placed,  or  otherwise  come  to  be 
located.  The  term  shall  not  include  any  consumer  product  in  consumer  use  or  any  vessel."  (MGL 
c.  21E  section  2) 

A  disposal  site  is  similarly  defined,  however,  there  are  a  few  differences  that  should  be 
noted.   A  disposal  site  is  defined  as: 

"...any  structure,  well,  pit,  lagoon,  impoundment,  ditch,  landfill  or  other  place  or  area,  excluding 
ambient  air  or  surface  water,  where  uncontrolled  oil  or  hazardous  material  has  come  to  be 
located  as  a  result  of  any  spilling,  leaking,  pouring,  abandoning,  emitting,  emptying, 
discharging,  injecting,  escaping,  leaching,  dumping,  discarding  or  otherwise  disposing  of  such 
oil  and/or  hazardous  materials.  The  term  shall  not  include  any  site  containing  onl^  oil  or 
hazardous  materials  which  are:  lead-based  paint  residues  emanating  from  a  point  of  original 
application  of  such  paint:  resulted  from  emissions  from  the  exhaust  of  an  engine:  are  building 
materials  still  serving  their  original  intended  use  of  emanating  from  such  use:  or  resulted  from 
a  release  of  source,  byproduct  or  special  nuclear  material  from  a  nuclear  incident,  as  those  terms 
are  defined  in  42  USC  Sec.  2014,  if  such  release  was  subject  to  requirements  with  respect  to 
financial  protection  established  by  the  Nuclear  Regulatory  Commission  under  42  USC.  Sec. 
2210."  (MGL  c.  21E  Section  2,  emphasis  added) 

As  a  result  of  the  definitions  of  site  and  disposal  site,  releases  of  lead  in  the  form  of  lead- 
based  paint  residues  and/or  from  automobile  exhaust  are  exempted  from  notification 
under  the  MCP  (310  CMR  40.0317(8)).  However,  since  lead  is  a  hazardous  material 
regulated  under  the  statute,  a  Response  Action  may  still  be  required  at  sites  where  such 
material  has  been  released  (310  CMR  40.0370). 
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Thus,  when  lead  contamination  is  present  in  an  environmental  medimn,  it  should  be 
considered  a  contaminant  of  concern  for  the  purposes  of  the  risk  characterization, 
regardless  of  its  origin.  At  sites  where  no  other  notification  requirement  is  triggered, 
however,  persons  undertaking  response  actions  to  address  lead  from  lead-based  paint  or 
automobile  exhaust  would  not  be  subject  to  the  submittal  requirements,  approvals,  or  fees 
specified  in  the  MCP  (310  CMR  40.0370(2)). 

2.4.6    Additional  Issues  for  Consideration 

2.4.6.1  Toxicity  Screening 

The  Department  does  not  recommend  the  use  of  toxicity  screening  to  eliminate  chemicals 
prior  to  the  risk  assessment  at  a  disposal  site.  The  use  of  EPA's  concentration-toxicity 
screen,  as  described  in  the  Risk  Assessment  Guidance  for  Superfund  Volume  1  Human 
Health  Evaluation  Manual  (Part  A),  December  1989  section  5.9.5  is  not  recommended. 
The  risk  assessment  process  itself  considers  toxicity  in  estimating  risks;  it  would  be 
premature  to  eliminate  contaminants  before  the  risk  assessment  is  performed. 

ORS  does  not  recommend  the  practice  of  screening  out  contaminants  based  upon  this 
criteria  despite  the  fact  that  they  are  not  toxic  at  low  doses  and  high  concentrations  are 
not  usually  associated  with  exposures  at  disposal  sites.  At  some  level  even  essential 
himian  nutrients  may  have  adverse  effects.  If  chemicals  are  eUminated  based  upon  their 
being  classified  by  the  risk  assessor  as  essential  human  nutrients,  the  report  should 
contain  a  thorough  discussion  of  the  technical  justification  for  taking  such  a  step.  In  the 
alternative,  the  chemicals  should  be  carried  through  the  risk  assessment  process. 

A  contaminant  of  concern  should  not  be  screened  out  based  solely  upon  human  health 
risk  considerations.  Some  chemicals  which  might  be  considered  unimportant  in  the 
assessment  of  human  health  risk  may  still  present  a  risk  to  the  environment  or  to  pubUc 
welfare.  The  potential  effects  of  contamination  should  be  evaluated  comprehensively 
through  the  quantitative  risk  characterization  process. 

The  risk  assessor  may  need  to  generate  different  lists  of  Contaminants  of  Concern  to 
address  risks  to  human  health  and  the  environment,  and  these  Usts  should  be  clearly 
identified  in  each  section  of  the  assessment. 

2.4.6.2  Chemical  Species 

When  identifying  contaminants  of  concern  it  may  be  important  to  consider  specific  states 
of  the  chemicals.  Depending  upon  the  specific  state  of  the  chemical  that  is  present  at  the 
site,  there  may  be  different  health  or  environmental  effects  associated  with  the  chemical. 
This  phenomenon  is  commonly  encountered  with  differences  in  oxidation  states  of 
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metals,  where  changes  in  oxidation  states  can  result  in  changes  in  absorption  or  toxicity. 
For  example,  hexavalent  chromium  is  more  toxic  than  trivalent  chromium.  In  addition, 
some  compounds  may  degrade  over  time  and  products  of  degradation  may  have  different 
toxicity  parameters  than  the  parent  compound.  The  risk  assessor  should  consider  these 
factors  and  may  want  to  discuss  these  issues  when  identifying  the  contaminants  of 
concern. 

2.4.6.3  Groups  of  Compounds 

When  reviewing  the  analytical  data  available  for  the  disposal  site  some  of  the  data  may 
be  presented  for  groups  of  compounds  rather  than  for  each  individual  component.  Data 
on  groups  of  compoimds  is  not  generally  useful  in  the  risk  assessment  process.  Toxicity 
information  used  to  estimate  risk  is  compound  specific;  therefore,  therefore  the 
estimation  of  risk  associated  with  exposure  to  compounds  that  are  identified  as  a  group 
can  be  highly  inaccurate  or  impossible,  and  as  a  result  is  not  generally  recommended. 
The  individual  chemicals  are  the  Contaminants  of  Concern,  but  for  simphcity's  sake  may 
be  described  as  groups  of  compounds  in  discussions  within  the  risk  assessment.  The 
Dose  Response  Section  of  the  guidance  addresses  this  issue  in  greater  detail. 

One  of  the  most  commonly  detected  groups  of  compounds  at  disposal  sites  are  total 
petroleum  hydrocarbons  (TPH).  For  a  further  discussion  of  TPH  data  at  disposal  sites 
see  the  Policy  for  the  Investigation,  Assessment,  and  Remediation  of  Petroleum  Releases  - 
Interim  Site  Investigation  Protocol  Document,  WSC-401-91  (4/91),  and  the  Interim  Final 
Petroleum  Policy:  Development  of  Health-Based  Alternative  to  the  Total  Petroleum 
Hydrocarbon  (TPH)  Parameter,  June  1994. 

2.4.6.4  Tentatively  Identified  Compounds 

When  gas  chromatography-mass  spectrometry  (GC-MS)  is  used  to  analyze  for  the 
presence  of  organic  compounds,  the  instnunent  is  calibrated  for  certain  chemical 
standards.  These  standards  represent  the  target  compounds  which  are  being  analyzed 
in  the  samples.  When  compounds  are  identified  in  the  sample,  but  the  GC-MS 
instrument  was  not  specifically  cahbrated  for  those  compounds,  they  are  designated  as 
tentatively  identified  compounds  (TICs).  The  mass  spectriun  of  the  sample  is  compared 
to  a  computerized  hbrary  of  mass  spectra,  but  since  there  is  no  standard  cahbrated  for 
the  TIC,  the  identification  is  less  certain  than  for  target  compounds.  The  EPA  Data 
Useability  Guidance  Document  identifies  several  techniques  which  can  be  employed  to 
increase  the  confidence  in  identification  and  quantitation  of  TICs: 

•    the    TIC    data   should   be   reviewed   by   an   analj^ical   chemist   trained   in   the 
interpretation  of  mass  spectra  and  chromatograms; 
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•  the  identification  of  the  TICs  should  be  checked  against  the  chromatographic 
retention  indices  or  relative  retention  times; 

•  the  TICs  should  be  compared  to  available  site  information  regarding  past  use  of  the 
site  and  chemicals  associated  with  prior  uses  of  the  site; 

•  the  sample  could  be  re-analyzed  using  a  specific  standard. 

Another  advisable  step  is  to  evaluate  whether  the  TIC  is  likely  to  be  associated  with 
other  compounds  detected  at  the  site.  The  result  may  support  the  tentative 
identification  or  may  aid  in  making  a  decision  regarding  the  need  to  re-sample. 

The  risk  assessor  may  be  able  to  classify  the  TICs  as  belonging  to  a  particular  class  of 
compoimds,  such  as  ahphatic  hydrocarbons  or  polycychc  aromatic  hydrocarbons,  and  as 
such  can  quahtatively  discuss  the  significance  of  these  TICs.  When  dealing  with  the  TICs 
qualitatively  the  impacts  on  cumulative  site  risk  and  overall  uncertainty  should  be 
discussed.  The  data  should  be  reviewed  by  an  experienced  analyst  to  obtain  an  "order  of 
magnitude"  estimate  of  the  concentration,  prior  to  any  discussion  of  quahtative  risk  posed 
by  the  TICs. 

The  purpose  of  this  discussion  is  not  to  encourage  the  risk  assessor  to  identify  more  TICs 
at  sites,  but  rather,  to  provide  guidance  on  how  TICs  that  are  identified  can  be  dealt  with 
at  a  site.  The  risk  assessor  should  note  when  he/she  specifically  requests  the 
identification  of  the  TICs  at  the  site,  as  opposed  to  a  situation  where  the  TICs  were  just 
identified  as  a  part  of  the  comprehensive  site  investigation.  The  risk  assessor  must  use 
his/her  professional  judgement  in  dealing  with  TICs,  especially  when  the  TICs  are 
potentially  associated  with  a  significant  health  risk.  The  concentrations  of  TICs  v. 
concentration  of  identified  compounds  should  be  discussed  in  terms  of  the  overall  risk 
associated  with  the  site. 

2.4.6.5       Comparison  to  Regulatory  Standards  &  Guidelines 

A  chemical  should  not  be  ruled  out  as  a  contaminant  of  concern  because  it  is  below  a 
standard  regardless  of  the  risk  characterization  method  used.  It  is  appropriate  to 
compare  individual  exposure  point  concentrations  to  standards  when  conducting  a 
Method  1  or  Method  2  risk  assessment,  as  this  is  the  actual  risk  characterization  process 
for  those  methods.  However,  when  conducting  a  Method  3  risk  characterization, 
screening  substances  out  of  the  risk  assessment  because  they  are  below  apphcable  or 
suitably  analogous  standards  is  not  appropriate.  In  Method  3  it  is  appropriate  to  compare 
the  exposure  point  concentrations  at  the  site  to  applicable  or  suitably  analogous 
standards,  but  that  is  only  part  of  a  Method  3  characterization.  The  contaminants  of 
concern  must  also  be  carried  through  the  risk  assessment  process  to  comply  with  the 
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MCP  and  determine  if  a  level  of  no  significant  risk  has  been  reached.  Therefore,  even 
if  the  contaminant  concentration  is  below  the  Massachusetts  Drinking  Water  Quality 
Standards  promulgated  in  310  CMR  22.00  the  chemical  should  be  included  as  a 
contaminant  of  concern  and  carried  through  the  Method  3  Risk  Assessment  process. 

2.4.6.6  Comparison  to  Reporting  Concentrations 

The  Reporting  Concentrations  (RCs)  should  only  be  used  to  determine  whether 
a  release  needs  to  be  reported  to  the  Department.  It  is  not  appropriate  to 
eliminate  chemicals  as  potential  contaminants  of  concern,  based  upon  the  fact 
that  the  concentrations  are  lower  than  the  RC  for  the  particular  chemicaL 

2.4.6.7  Mobility,  Persistence,  and  Bioaccumulation  Potential 

When  identifying  contaminants  of  concern  at  a  disposal  site  it  is  not  appropriate  to 
eliminate  them  from  the  risk  analysis  based  upon  physical  or  biological  properties  that 
suggest  reduction  of  the  chemical  in  the  futiu-e. 
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2.5       SIGNIFICANT  FIGURES 

The  risk  assessor  should  keep  in  mind  the  accuracy  and  precision  of  the  environmental  data, 
toxicity  information  and  exposure  assumptions  used  in  the  course  of  an  MCP  Risk 
Characterization.  Environmental  measures  such  as  Exposure  Point  Concentrations, 
calculated  Method  2  standards,  and  estimated  cancer  and  non-cancer  risks  are  continuous 
variables  whose  exact  values  are  unknown  and  unknowable.  Such  values  should  be  expressed 
in  as  many  significant  figures  as  is  appropriate. 

There  are  conventions  for  determining  the  appropriate  number  of  significant  figures  and  how 
to  round  the  20-digit  value  calculated  by  a  spreadsheet  to  the  appropriate  number  of 
significant  figures. 

2.5.1  What  Is  A  Significant  Figure? 

In  general,  significant  figures  (digits)  in  a  number  include  the  left-most  non-zero  digit  to 
the  right-most  digit  written 

Thus:         241 
24.1 
0.00241,  and 
2.41  E-2 

all  have  three  significant  figures. 

Terminal  zeros  may  be  significant  or  may  be  used  solely  to  fix  the  decimal  point  (the 
number  240  may  have  two  or  three  significant  digits)  and  such  numbers  can  be  written 
in  scientific  notation  to  exphcitly  denote  the  number  of  significant  digits  (2.4  E+2  would 
have  two  significant  digits  while  2.40  E  +  2  would  have  three). 

2.5.2  Rounding  Off  Values  to  the  Appropriate  Numher  of  Significant  Figures 

Rounding  off  of  values  to  the  appropriate  number  of  significant  figures  should  occur  as 
the  last  step  of  the  calculations,  and  should  not  follow  each  stage  of  the  calculations. 
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Rounding  a  number  to  the  appropriate  number  of  significant  figures  involves  dropping 
one  or  more  digits  to  the  right  of  the  last  significant  figure.  When  more  than  one  digit 
is  to  be  dropped,  the  rounding  off  should  be  done  as  a  block  and  not  one  figure  at  a  time: 

•  When  the  first  digit  dropped  is  less  than  5,  the  last  digit  retained  should 
remain  unchanged. 

•  When  the  first  digit  dropped  is  greater  than  5  then  1  is  added  to  the  last  digit 
retained. 

•  When  the  first  digit  dropped  is  equal  to  5,  then  1  is  added  to  the  last  digit 
retained  if  that  digit  is  odd. 

When  adding  or  subtracting  nimabers,  the  answer  should  contain  digits  only  as  far  as  the 
first  column  containing  a  significant  figure: 

Examples: 


12.5 

0.076 

20 

20.0 

14.47 

2.35 

17.376 

17.376 

+  98.3 

+  1.954 

+  5.2 

+  5.2 

125.3  4.38  40  42.6 

Note  the  difference  between  the  last  two  answers:  the  value  of  20  in  colunm  3  is 
taken  to  have  1  significant  figure,  while  the  20.0  in  coliunn  four  has  three  significant 
figures.  The  value  of  20  in  colimin  three  could  also  read  as  having  two  significant 
figures  and  knowledge  about  the  source  of  that  mmiber  would  determine  whether  one 
or  two  digits  would  be  appropriate. 

When  multiplying  or  dividing  numbers,  the  answer  should  be  roimded  off  to  contain 
only  as  many  significant  figures  as  are  contained  in  the  least  exact  factor.  For 
example,  6.834  x  7.35  =  50.2,  since  7.35  has  only  three  significant  digits.  This  is  an 
approximation  of  a  more  exact  rule  that  the  fractional  (or  percentage)  error  of  a 
product  or  quotient  cannot  be  any  less  than  the  fractional  or  percentage  error  of  any 
one  factor.  For  this  reason,  niunbers  whose  first  significant  figure  is  1  (or  occasionally 
2)  must  contain  an  additional  significant  figure  to  have  a  given  fractional  error  in 
comparison  with  a  nimaber  beginning  with  8  or  9. 

For  example,  9.84  -;-  9.3  =  1.06.  By  the  simple  rule  stated  above,  the  answer  woxild  be 
1.1,  but  1.1  V-  0.1)  has  a  percent  error  of  approximately  10%,  much  greater  than  the 
percent  error  contained  in  the  value  of  9.3  (9.3  ±  0.1  has  a  percent  error  of 
approximately  1  %). 
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Analytical  results  received  from  a  laboratoiy  will  be  reported  in  as  many  significant  figures  as  is  jiistified,  given  the 
accuracy  and  precision  of  the  analysis.  For  example,  the  analyses  of  3  rounds  of  groundwater  samples  could  yield  the 
following  results  for  a  drinking  water  supply  well: 


Benzene 29  ppb 

Benzene 5.5  ppb 

Benzene 347  ppb 


(2  significant  figures) 
(2  significsmt  figure) 
(3  significant  figures) 


For  the  purpose  of  this  example,  assume  that  the  Exposure  Point  Concentrations  calculated  fi^m  this  data  should  be 
the  arithmetic  mean  of  the  results  from  the  three  sampling  roiuids: 

EPC  =  (29  +  5.5  +  347)  ^  3  =  130 

The  value  of  130  represents  the  results  of  the  calculation  (127.16667  by  hand  calculator)  rounded  to  2  significant 
figures.  Note  that  the  divisor,  3,  is  an  exact  number:  the  nimiber  of  samples.  Mathematical  operations  involving  exact 
numbers  do  not  reduce  the  acciuacy  and  precision  of  the  result  and  thus  are  not  considered  in  determining  the 
appropriate  nximber  of  significant  figures.  (Another  way  of  looking  at  this  is  that  the  value  3,  being  know  exactly, 
could  have  been  written  as  3.000.. .or  3.0000000000  to  denote  the  acctu^cy  and  precision  of  this  value.) 


Example  2.1 
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3.0      SELECTION  OF  RISK  CHARACTERIZATION  METHOD 

The  Massachusetts  Contingency  Plan  identifies  three  methods  for  the  characterization  of 
risk  at  a  disposal  site.  In  general,  the  selection  of  the  method  for  a  given  disposal  site  is 
hased  upon  the  personal  choice  of  the  parties  conducting  the  site  assessment,  in  conjunction 
with  the  criteria  set  forth  in  the  MCP  at  310  CMR  40.0942.  The  most  straight  forward 
method  is  Method  1  which  uses  promulgated  standards  to  characterize  the  risk  posed  by  the 
disposal  site.  Method  2  builds  on  this  approach  by  continuing  to  use  promulgated  standards, 
but  adds  some  site  specific  information.  Finally,  Method  3  characterizes  risk  through  the 
apphcation  of  site  specific  methodologies.  There  are,  however,  some  limitations  on  the  use 
of  the  methods.  This  section  will  first  discuss  the  general  limitations  appUcable  to  all  three 
methods,  and  then  address  each  of  the  methods  individually. 


3.1       GENERAL  LIMITATIONS 

The  method  selected  for  the  risk  characterization  should  be  clearly  identified  in  the  report. 
The  site  should  be  adequately  characterized  prior  to  assessing  the  risk  posed  by  the  site. 
In  general,  only  one  method  should  be  used  for  a  specific  release,  and  the  Response  Action 
Outcome  (RAO)  Statement  for  each  release  should  be  based  upon  the  one  method  selected. 
Risk  Characterizations  conducted  to  support  an  RAO  Statement  for  a  portion  of  a  disposal 
site  are  discussed  in  Section  3.5.  There  are  a  few  particular  situations  where  methods  may 
be  combined.  These  situations  will  be  addressed  in  each  of  the  specific  sections  discussed 
below. 


3.2 


RESTRICTIONS  ON  THE  USE  OF  METHOD  1 


When  determining  whether  Method  1  can  be  used  to  characterize  the  risk  of  harm  to  health, 
safety,  pubUc  welfare  and  the  environment,  the  risk  assessor  should  scrutinize  criteria  found 
at  310  CMR  40.0942.  It  is  expected  that  Method  1  will  be  an  option  at  the  majority  of  c.2lE 
sites.  At  certain  sites,  however,  the  risk  assessor  will  have  to  supplement  the  Method  1  risk 
characterization  with  some  form  of  a  Method  3  assessment,  while  at  other  sites  Method  1 
will  not  be  an  available  option.  This  section  describes  the  circumstances  under  which 
Method  1  may  or  may  not  be  employed.  Method  1  is  never  required  for  particular  sites, 
however.  It  is  up  to  the  risk  assessor  to  determine  the  appropriate  risk  characterization 
approach  from  among  the  methods  identified  as  applicable  to  the  site. 
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3^.1    When  Method  1  Alone  May  Be  Used 

Method  1  can  be  used  as  the  sole  form  of  risk  characterization  at  sites  where  (a)  the 
contamination  is  hmited  to  the  soil  and  groundwater,  (b)  there  are  no  chemicals  which 
bioaccumulate  within  the  top  two  feet  of  soil,  and  (c)  all  the  contaminants  of  concern 
present  have  Method  1  standards  promulgated  by  MADEP  in  the  Massachusetts 
Contingency  Plan.  It  is  expected  that  Method  1  will  be  an  optional  risk  characterization 
approach  at  the  majority  of  simple  sites,  as  soil  and  groundwater  are  the  environmental 
media  most  commonly  contaminated  and  MADEP  has  developed  standards  for  the  most 
commonly  reported  chemicals. 

3.2.2    When  Method  1  Can  Be  Used  In  Comhination  With  Method  3 

For  sites  which  do  not  meet  the  criteria  for  using  Method  1  alone  Qisted  above),  a 
number  of  options  are  available,  including  the  use  of  Method  1  in  combination  with  risk 
characterization  Method  3  under  limited  circumstances.  (The  Method  3  assessment  in 
these  mixed-Method  cases  is  focused  on  the  potential  ecological  risks  associated  with  the 
site.)  The  risk  assessor  may  also  choose  to  employ  Method  2  and/or  Method  3,  as 
described  in  Section  3.0  of  this  document  and  at  310  CMR  40.0942  of  the  MCP. 

The  combination  Method  1/Method  3  risk  characterization  is  an  option  at  sites  where 
either  of  the  following  conditions  prevail: 

•  The  contamination  is  not  limited  to  soil  or  groundwater,  but  the  exposure  to  himians 
comes  predominantly  from  those  media;  or 

•  Chemicals  which  bioaccumulate  are  present  in  the  top  two  feet  of  soil  at  a  site  which 
would  otherwise  meet  the  requirements  for  conducting  a  Method  1  risk 
characterization. 

In  the  first  set  of  conditions,  Method  1  may  be  used  to  evaluate  the  soil  and  groundwater, 
and  Method  3  would  be  used  to  evaluate  the  risk  of  harm  to  pubhc  welfare  and  the 
environment  from  the  other  contaminated  media.  This  combination  approach  was 
written  into  the  regulations  in  order  that  sites  where  there  is  minor  sediment  or  surface 
water  contamination  could  benefit  from  using  the  Method  1  standards  while  still 
adequately  evaluating  the  potential  environmental  risks  in  a  meaningful  way  (Method  3). 
Note  that  the  human  health  risks  associated  with  the  sediment  or  surface  water  (or  other 
media)  must  still  be  addressed  to  provide  adequate  demonstration  to  the  Department  that 
the  soil  and  groundwater  exposures  are  "predominant".  In  other  words,  the  human 
exposures  to  the  other  media  (not  soil  or  groundwater)  must  be  relatively  minor,  meaning 
that  the  cimaulative  risks  associated  with  those  exposures  should  be  at  least  an  order  of 
magnitude  below  the  MCP  cumulative  risk  limits  (i.e,  a  ciunulative  excess  lifetime  cancer 
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risk  no  greater  than  one-in-one  million,  and  a  cumulative  hazard  index  no  greater  than 
0.1.)  If  the  risks  are  greater  than  those  levels,  then  the  site  as  a  whole  must  be 
addressed  using  the  cumulative  risk  approach  (Method  3.) 

In  the  second  set  of  circiunstances,  it  is  important  to  note  that  in  developing  the 
Method  1  standards,  potential  terrestrial  ecological  impacts  were  not  considered.  It  is 
therefore  not  possible  to  conclude  that  a  condition  of  no  significant  risk  of  harm  to  the 
environment  exists  when  Method  1  is  used  to  characterize  risk  at  sites  where 
contamination  in  the  soil  may  pose  ecological  risk.  Recognizing  this  limitation  of  the 
Method  1  soil  standards,  DEP  requires  additional  site-specific  ecological  risk  assessment 
at  those  sites  most  likely  to  pose  a  risk  to  terrestrial  receptors.  Rather  than  require 
ecological  risk  assessments  at  all  sites  with  soil  contamination,  however,  the  need  for 
additional  assessment  is  triggered  by  the  presence  of  bioaccumulating  chemicals  in 
surficial  soil.  The  use  of  these  two  factors  (a  chemical's  presence  in  surficial  soil  and  that 
the  chemical  bioaccumulates)  is  considered  by  DEP  to  be  adequate  screening  criteria  for 
the  piu-pose  of  streamlining  the  c.2lE  risk  characterization  process.  The  combination 
Method  1/Method  3  approach  is  used  at  these  sites  to  insure  that  those  potential 
terrestrial  exposures  are  evaluated  using  an  appropriate  approach  (a  Method  3 
environmental  risk  characterization)  while  Method  1  is  used  to  otherwise  characterize  the 
potential  human  health  risks. 

Section  9.0  of  this  docimient,  which  provides  guidance  for  conduction  a  Method  3 
environmental  risk  characterization,  should  be  consulted  whenever  a  combined 
Method  1/Method  3  assessment  is  conducted. 

When  either  of  these  combined  approaches  is  used  to  support  a  Response  Action 
Outcome  Statement,  both  Method  1  and  Method  3  should  be  checked  off  on  the  RAO 
Form  (Form  BWSC-004). 

3.2.3    When  Method  1  Is  Not  An  Option 

Method  1  is  not  an  option  and  cannot  be  used  at  sites  where:  (a)  the  contamination 
present  at  the  site  is  located  in  an  environmental  mediiun  which  is  not  soil  or 
groundwater  (unless  hiunan  exposures  to  such  contamination  is  minor  as  described 
above),  in  which  case  Method  3  is  used  to  characterize  potential  risks,  or  (b)  there  are 
contaminants  of  concern  present  for  which  MADEP  has  not  developed  Method  1 
standards,  in  which  case  either  Method  2  or  Method  3  may  be  used  to  characterize 
potential  risks. 
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EXAMPLE 

An  underground  storage  tank  has  leaked  heating  fuel  under  a  residential 
structure.    The  tank  was  removed,  but  residual  contamination  exists  under  the 
building.    No  soil  gas  studies  were  conducted  and  no  indoor  air  sampling  was 
done.   Is  it  appropriate  to  use  Method  1  and  clean  up  to  the  appropriate  soil  and 
groundwater  standard? 

The  MCP  at  310  CMR  40.0942(l)(b)  states  that  when  oil  or  hazardous  material 
is  present  in,  or  is  likely  to  migrate  at  potentially  significant  concentrations  to 
an  environmental  medium  in  addition  to  soil  and  groundwater,  then  Method  1 
alone  shall  not  be  used.    Therefore,  in  the  situation  described  above  it  must  be 
demonstrated  that  the  indoor  air  at  the  residence  is  not  being  affected  by  the 
release.    How  this  determination  is  best  made  will  depend  upon  the  particular 
site  circumstances,  but  may  include  soil  gas  studies,  indoor  air  sampling  or  fate 
and  transport  modeling. 


3.3       RESTRICTIONS  ON  THE  USE  OF  METHOD  2 

Method  2  allows  for  consideration  of  limited  site-specific  information  and  may  be  used  in  two 
different  ways.  First,  Method  2  may  be  used  to  fill  data  gaps  by  creating  additional  Method 
1  Standards  where  they  do  not  currently  exist.  Method  2  may  also  be  used  to  incorporate 
site-specific  fate  and  transport  information  to  modify  existing  Method  1  Standards.  It  is  also 
possible  to  combine  the  two  approaches  in  one  risk  characterization.  Since  a  Method  2  risk 
characterization  builds  upon  the  Method  1  risk  characterization,  all  the  hmitations  and 
options  for  Method  1  discussed  above  also  apply  to  Method  2.  Specifically,  Method  2  may 
be  used  at  sites  where  the  contamination  is  limited  to  soil  and  groundwater  and  there  are 
no  chemicals  which  bioaccumulate  within  the  top  two  feet  of  soil. 

3.3.1    Development  of  Additional  Method  1  Standards 

The  procedures  for  developing  additional  Method  1  Standards  are  set  forth  in  the  MCP 
at  310  CMR  40.0983  for  groundwater  standards  and  40.0984  for  soil  standards.  Section 
6.3  of  the  guidance  addresses  the  derivation  of  additional  Method  1  Standards. 
Additional  guidance  is  also  available  in  the  Background  Documentation  for  the 
development  of  the  MCP  Numerical  Standards,  April,  1994,  Section  4.0  Groundwater  and 
Section  5. 0  Soil. 
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3.3.2  Modification  of  Existing  Method  1  Standards 

The  MCP  allows  for  modification  of  existing  Method  1  Standards.  However,  not  all  of  the 
Method  1  standards  may  be  modified.  The  Method  1  Standards  which  may  be  modified 
include: 

•  The  Method  1  Soil  Standards  considering  leaching  potential  (310  CMR  40.0985) 

•  The      Method      1      GW-2      Standards      considering      volatilization      potential 
(310  CMR  40.09886) 

•  The  Method  1  GW-3  Standards  considering  the  migration  and  discharge  components 
(310  CMR  40.0987) 

The  Method  2  standards  may  be  modified  to  incorporate  site  specific  considerations.  A 
more  detailed  discussion  is  presented  in  Section  6.4  of  the  guidance. 

The  Method  1  Standards  which  may  not  be  modified  include: 

•  The     Method     1     Soil     Standards     based     upon     direct     contact     e^)osure3 
(310  CMR  40.0985(6)  Table  5) 

•  The  Method  1  GW-1  Standards 

•  The  Upper  Concentration  Limits  (  310  CMR  40.  0996(5)  Table  6) 

3.3.3  When  Method  2  Alone  May  Be  Used 

Method  2  can  be  used  as  the  sole  form  of  risk  characterization  at  sites  where  (a)  the 
contamination  is  limited  to  the  soil  and  groundwater  and  (b)  there  are  no  chemicals 
which  bioacc^unulate  within  the  top  two  feet  of  soil. 

3.3.4  When  Method  2  May  Be  Used  In  Combination  With  Method  1 

At  sites  with  multiple  chemicals  and/or  multiple  exposures  it  is  not  necessary  to  modify 
the  Method  1  standards  for  all  the  chemicals  if  only  limited  Method  2  modifications  are 
appropriate.  The  risk  assessor  may  use  one  or  more  Method  1  standards  in  combination 
with  derived  or  modified  Method  2  standards,  as  noted  at  310  CMR  40.0982(5).  For 
example,  if  Method  2  is  used  to  derive  a  soil  category  S-1  standard  for  the  chemical 
methyl-ethyl'laccolith,  the  Method  1  S-1  standards  for  the  other  chemiceils  at  the  site  can 
be  used  without  modification.  Whenever  some  combination  of  Method  1  and  Method  2 
standards  is  used  to  characterize  risk,  the  approach  is  described  as  a  Method  2  ri^ 
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characterization,  and  the  appropriate  box  would  be  checked  on  the  Response  Action 
Outcome  Statement. 

3.3.5  When  Method  2  Can  Be  Used  In  Combination  With  Method  3 

For  sites  which  do  not  meet  the  criteria  for  using  Method  2  alone,  Method  2  may  be  used 
in  combination  with  risk  characterization  Method  3  under  the  same  limited  circumstances 
that  Method  1  can  he  used  with  Method  3  (See  discussion,  Section  5.0).  The  risk  assessor 
could  also  choose  to  employ  Method  3  alone  to  characterize  the  risk. 

3.3.6  When  Method  2  Is  Not  An  Option 

Method  2  is  not  an  option  and  cannot  be  used  at  sites  where  all  or  some  of  the 
contamination  present  at  the  site  is  located  in  an  environmental  medium  which  is  not 
soil  or  groundwater  (unless  human  exposures  to  such  contamination  is  minor  as  described 
in  Section  5.0).    In  this  case  Method  3  must  be  used  to  characterize  risk. 

A  Method  2  Risk  Characterization  should  always  be  conducted  in  combination  with  a 
separate  characterization  of  the  risk  of  harm  to  safety  posed  by  the  contaminant 
conditions,  as  described  in  the  MCP  at  310  CMR  40.0960. 

The  detailed  discussion  in  Section  5.0  of  method  apphcabihty,  soil  and  groundwater 
categorization,  identification  of  exposure  points,  determination  of  exposure  point 
concentrations,  and  risk  characterization  apply  to  Method  2  as  well  as  Method  1,  and  will 
not  be  repeated  in  this  section.  The  remainder  of  this  section  focuses  on  the  differences 
between  Method  1  and  Method  2,  which  are  related  to  the  derivation  and  values  of  the 
standards  used  to  characterize  risk. 


EXAMPLE 

A  risk  assessor  has  proposed  conducting  a  Method  2  risk  characterization  at  a  disposal 
site.    The  only  data  available  is  Total  Petroleum  Hydrocarbon  (TPH)  concentrations  in 
soil.    The  proposal  includes  modification  of  the  Method  1  Standards  based  upon  fate  and 
transport  considerations.  Is  this  acceptable? 

There  are  several  reasons  why  this  approach  may  not  be  acceptable.   Primarily  the  TPH 
values  in  Method  1  are  based  upon  direct  contact,  not  ability  to  leach  and  therefore  can 
not  be  modified.   Also,  the  TPH  values  do  not  assess  BETX  or  PAH  concentration, 
therefore  it  may  not  be  appropriate  to  base  the  entire  assessment  on  TPH  data  only. 
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3.4       RESTRICTIONS  ON  THE  USE  OF  METHOD  3 

There  are  no  limitations  on  the  Method  3  risk  characterization.  The  MCP  allows  the  use 
of  site-specific  risk  assessment  to  evaluate  any  disposal  site.  It  is  important  to  note  that 
when  Method  3  is  used  to  evaluate  one  or  more  hxmian  exposure  pathways,  it  must  be  used 
for  the  entire  risk  assessment.  More  specifically,  Method  1  and  Method  2  cannot  be  used 
to  evaluate  risk  from  groundwater  and  soil  at  a  site  where  Method  3  is  apphed  to  air 
exposures  -  the  Method  1  (and  thus  Method  2)  standards  are  not  apphcable  and  cannot  be 
used  in  a  method  3  assessment  (310  CMR  40.0993(3)).  This  is  not  a  "limitation"  on  the  use 
of  Method  3  because  if  contamination  is  present  in  media  beyond  soil  and  groimdwater. 
Method  3  is  the  appropriate  method  to  be  used  in  the  risk  characterization. 


EXAMPLE 

An  underground  storage  tank  has  leaked  gasoline  into  soil  and  groundwater. 
The  tank  is  located  100  feet  upgradient  of  a  pond.    To  date  no  environmental 
sampling  has  been  conducted  in  the  pond  to  test  surface  water  and  sediments  for 
the  possible  presence  of  gasoline.    The  responsible  party  has  proposed  conducting 
a  Method  1  risk  characterization  for  the  soil  and  groundwater  contamination. 
Is  this  an  appropriate  approach? 

No,  not  at  this  point.    Given  the  proximity  of  the  release  to  the  pond  the 
possibiUty  of  impacts  on  the  pond  should  be  addressed.   If  the  surface  water  or 
sediments  are  contaminated,  and  soil  and  gioundwater  contamination  does  not 
''predominate",  then  it  is  best  to  use  Method  3  to  evaluate  all  the  affected 
media  at  the  site. 


3.5       RISK  CHARACTERIZATION  FOR  PORTIONS  OF  A  DISPOSAL  SITE 

A  Response  Action  Outcome  may  be  achieved  and  a  Response  Action  Outcome  Statement 
submitted  for  an  entire  site,  disposal  site,  or  a  portion  of  a  disposal  site 
(310  CMR  40.1003(3)).  The  abihty  to  achieve  separate  RAOs  for  portions  of  a  site  allows  the 
expedited  cleanup  of  areas  which  are  more  readily  addressed:  problems  which  are  more 
complex  or  difficult  to  assess/remediate  can  be  dealt  with  on  a  different  schedule.  RAOs  for 
a  portion  of  a  disposal  site  may  also  be  an  attractive  option  in  situations  where  the  disposal 
site  includes  more  than  one  property. 
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The  general  provisions  for  Response  Action  Outcome  are  described  at  310  CMR  40.1003.  An 
Class  A  or  Class  B  RAO  submitted  to  DEP  must  be  supported  by  documentation  that  a  level 
of  No  Significant  Risk  exists  or  has  been  achieved  for  the  site  or  disposal  site 
(310  CMR  40.1004).  RAO  Statements  submitted  for  a  portion  of  a  disposal  site  may  be 
problematic,  as  the  fundamental  risk  management  criteria  of  the  MCP  are  expressed  as 
limits  on  cumulative  risk  (i.e.,  the  risk  to  a  receptor  received  from  all  appHcable  exposure 
pathways  and  all  chemicals).  Therefore,  by  breaking  up  a  site  into  discrete  areas  and 
assessing  them  separately,  the  cumulative  impact  of  the  contamination  may  not  be 
adequately  addressed. 

Several  questions  have  been  raised  about  how  to  conduct  risk  characterizations  for  portions 
of  a  disposal  site: 

•  Must  the  same  risk  characterization  Method  be  used  for  each  portion  of  the  site? 

•  Must  the  last  RAO  submitted  for  a  site  include  a  risk  characterization  for  the  entire  site? 

•  How  is  the  concept  of  Cumulative  Risk  considered  for  a  site  achieving  multiple  RAOs? 

In  order  to  answer  these  questions,  the  Department  recommends  the  following  approach: 

The  method  of  risk  characterization  used  to  support  a  Response  Action  Outcome  for  a 
portion  of  a  disposal  site  should  be  selected  using  the  criteria  set  forth  in 
310  CMR  40.0942  and  may  be  different  from  the  risk  characterization  method  used  for 
other  portions  of  the  same  disposal  site. 

►  If  Methods  1  or  2  are  used  to  characterize  risk  for  that  portion  of  a  disposal  site  no 
further  consideration  of  omiulative  risk  is  needed.  Note  that  the  Method  1  standards 
were  set  at  levels  which  would  be  generally  protective  of  multi-chemical,  multi- 
pathway  exposures. 

►  If  Method  3  is  used  to  characterize  risk  at  one  or  more  portions  of  the  disposal  site 
particular  attention  must  be  paid  to  how  the  Method  3  assessment  is  conducted  and 
how  the  results  are  interpreted  in  order  to  insure  that  the  Cumulative  Receptor  Risk 
Limits  are  met  for  the  entire  site  or  disposal  site.  In  other  words,  Method  3  risk 
characterizations  conducted  in  support  of  an  RAO  for  a  portion  of  a  disposal  site  must 
still  address  the  issue  of  Cumulative  Receptor  Risk.  SpedfrcaUy,  each  Method  3  risk 
characterization  should  either: 

•  evaluate  all  potential  exposure  pathways  for  each  identified  receptor  of  concern, 
even  those  exposures  occurring  at  points  beyond  the  portion  of  the  site  considered 
in  the  RAO,  or 
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•  demonstrate  that  the  risks  from  the  exposure  pathways  evaluated  are  sufficiently 
below  the  Cumulative  Receptor  Risk  Limits  that  the  exposxires  associated  with 
this  portion  of  the  disposal  site  would  not  be  significant  even  if  the  same  receptor 
were  exposed  to  contamination  at  other  portions  of  the  same  site. 

In  the  first  Method  3  option  above,  the  risk  assessor  must  identify  all  potential 
exposure  points  for  each  receptor  (310  CMR  40.0924).  If  all  the  receptors'  exposure 
points  happen  to  be  located  within  the  portion  of  the  disposal  site  addressed  in  the 
RAO,  then  the  Method  3  assessment  would  not  differ  from  a  standard  assessment. 
If  one  or  more  exposure  points  are  located  outside  the  portion  of  the  disposal  site 
addressed  in  the  RAO  then  the  risk  assessor  must  consider  the  exposures  occurring 
at  those  locations.  Some  coordination  of  site  assessment  is  needed  since  this 
approach  would  likely  require  access  to  anal3^ical  data  describing  contaminant 
concentrations  at  those  locations. 

Under  the  second  Method  3  option  above,  the  approach  is  similar  to  screening  of 
exposure  pathways  described  in  Section  3.2.2  of  this  guidance:  the  exposures  from 
this  portion  of  the  disposal  site  must  be  relatively  minor,  meaning  that  the 
cumulative  risks  associated  with  those  exposures  should  be  at  least  an  order  of 
magnitude  below  the  MCP  cumulative  risk  limits  (i.e,  a  cumulative  excess  lifetime 
cancer  risk  no  greater  than  one-in-one  milhon,  and  a  cumulative  hazard  index  no 
greater  than  0.1.)  If  the  risks  associated  with  this  portion  of  the  disposal  site  are 
greater  than  those  levels,  then  the  additional  exposures  experienced  by  that  receptor 
must  be  evaluated  (the  first  Method  3  option)  using  the  cumulative  risk  approach. 

This  approach  for  characterizing  risk  to  support  a  Response  Action  Outcome  for  a  portion 
of  a  disposal  site  allows  different  risk  characterization  methods  to  be  used  for  the  different 
RAOs,  it  eliminates  the  need  for  a  final  "comprehensive"  risk  characterization  of  the  site 
after  all  the  RAOs  for  the  different  portions  have  been  submitted,  and  this  approach 
addresses  the  regulatory  requirement  to  meet  the  Cimiulative  Receptor  Risk  Limit. 
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3.6       NOTATION  ON  THE  RAO  FORM 

The  Response  Action  Outcome  (RAO)  Statement  &  Downgradient  Property  Status 
Transmittal  Form  (BWSC-104)  requires  the  person  submitting  the  form  to  identify  the  risk 
characterization  method  used.  Section  F  of  the  form  provides  a  simple  check  list  to  identify 
the  Risk  Characterization  Method(s)  used  and  the  applicable  soil  and  groimdwater  categories 
at  the  site.   The  appropriate  boxes  should  be  checked. 

Remember  that  there  are  only  limited  circumstances  under  which  more  than  one  Risk 
Characterization  Method  will  be  used  to  support  a  single  RAO  -  most  RAO  Statements  will 
have  just  one  box  checked.  It  would  be  appropriate  to  mark  two  boxes,  Methods  1  and  3,  for 
example,  if  Method  1  was  used  to  conduct  the  human  health  risk  characterization  and 
Method  3  was  used  to  address  the  environmental  risk  characterization. 

It  is  not  necessary  to  check  a  Risk  Characterization  Method  box  if  the  concentrations  of  all 
the  oil  or  hazardous  material  at  the  site  are  consistent  with  background,  since  no  risk 
characterization  is  required  at  such  sites  (310  CMR  40.0901(3)).  These  sites  are  ehgible  for 
a  Class  A-1  or  Class  B-1  RAO. 

Since  more  than  one  soil  category  and  more  than  one  groiuidwater  category  may  appfy  at  a 
given  site,  all  the  apphcable  soil  and  groundwater  categories  within  the  area  covered  by  the 
RAO  should  be  checked.  Note  that  the  ODvlicable  categories  are  checked,  not  the  cat^ory 
of  the  standards  actually  achieved.  For  example,  additional  remediation  may  be  conducted 
to  achieve  S-1  standards  at  sites  where  soil  is  actually  categorized  as  S-2  in  order  to  avoid 
having  to  record  an  Activity  and  Use  Limitation.  The  S-2  box  should  be  checked  on  the  RAO 
form  because  that  is  the  actual  apphcable  category,  even  though  the  S-1  standards  were 
achieved. 
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4.0     CHARACTERIZATION  OF  RISK  OF  HARM  TO  SAFETV' 

This  section  describes  the  evaluation  of  the  risk  of  harm  to  safety,  including  a  discussion  of 
the  definition  of  "risk  to  safety",  criteria  to  be  used  to  evaluate  safety  risks,  and  some 
descriptions  of  situations  that  are  presumed  to  constitute  safety  hazards.  It  is  anticipated 
that  most  evaluations  of  risk  to  safety  will  use  qualitative  rather  than  quantitative  criteria. 

A  characterization  of  risk  to  safety  is  required  at  all  sites  at  which  a  Subpart  I  risk 
characterization  is  performed  (310  CMR  40.0941(2)).  The  risk  to  safety  must  be  looked  at 
separate  from,  and  in  addition  to  the  Method  1,  2,  or  3  evaluation  of  risk  of  harm  to  health, 
pubUc  welfare,  and  the  environment.  Typically,  the  assessment  of  safety  issues  should  be 
presented  as  a  separate  chapter  in  the  risk  characterization  report. 

The  scope  and  level  of  detail  of  a  safety  evaluation  is  expected  to  vary  from  site  to  site,  and 
should  be  sufficiently  detailed  to  conclude  whether  a  safety  problem  related  to  the  release 
or  threat  of  release  of  oil  or  hazardous  material  exists  at  the  site.  The  individual  or 
individuals  performing  the  evaluation  of  risk  of  harm  to  safety  shoiild  follow  the  "Response 
Action  Performance  Standards"  (RAPS),  which  are  discussed  in  310  CMR  40.0191,  in 
determining  the  appropriate  level  of  effort. 

The  Massachusetts  Contingency  Plan  (310  CMR  40.0960)  requires  the  characterization  of  the 
risk  of  harm  to  safety  at  a  disposal  site  when  using  any  of  the  risk  assessment  methods.  Any 
identified  safety  risks  must  be  considered  when  determining  the  need  for  remediation. 
Remediation  may  be  required  based  upon  the  risk  of  harm  to  safety,  even  if  no  further 
remedial  response  actions  are  necessary  based  upon  human  health  considerations.  It  must 
also  be  stressed  that  in  characterizing  the  risk  of  harm  to  safety  one  must  look  not  only  at 
releases  which  have  occurred,  but  also  at  the  "threat  of  a  release". 

The  purpose  of  evaluating  the  risk  of  harm  to  safety  is  to  identify  conditions  which  have 
resulted  or  may  result  in  a  release  of  oil  and/or  hazardous  material  currently  or  in  the 
foreseeable  future  that  will  pose  a  threat  of  physical  harm  or  bodily  injury  to  people.  The 
general  definition  of  harm  to  safety  in  the  Massachusetts  Contingency  Plan  states  that  a 
level  of  no  significant  risk  to  safety  exists  or  has  been  achieved  if  the  conditions  at  the 
disposal  site  which  are  related  to  a  release  of  oil  and/or  hazardous  material  do  not  currently 
and  will  not  in  the  foreseeable  future  pose  a  threat  of  physical  harm  or  bodily  injiuy  to 
people. 


Guidance  for  Disposal  Site 
Risk  Characterisation 


interim  Final  Policy  WSC/ORS-95-141 
MassaclrasetU  DEP.  July  1995 


4-1 


4.1  CONDITIONS  CONSTITUTING  A  RISK  OF  HARM  TO  SAFETY 

Some  common  examples  of  conditions  that  constitute  a  risk  of  harm  to  safety  are  as  follows: 
rusted  or  corroded  drums  or  containers;  weakened  berms;  the  threat  of  fire  or  e^losion, 
including  the  presence  of  explosive  vapors  resulting  from  the  release  of  oil  and/or  hazardous 
material;  reactive  chemical(s)  stored  or  disposed  of  in  a  way  that  does  not  reasonably 
preclude  uncontrolled  reactions;  unsecured  pits,  ponds,  lagoons  or  other  dangerous 
structures;  any  uncontained  materials  which  exhibit  the  characteristics  of  corrosivity, 
reactivity,  flammabihty,  or  are  considered  infectious  materials  as  described  in  310  CMR 
40.0347;  and  the  presence  of  ionizing  or  nonionizing  radiation. 

There  may  be  conditions  present  at  a  site  that  are  not  related  to  the  release  of  hazardous 
material  and  would,  therefore,  not  be  considered  a  risk  to  pubhc  safety  under  M.G.L.  Ql^IE 
in  most  instances.  Such  site  conditions  may  include  the  presence  of  metal  shards  or  other 
sharp  objects  or  the  presence  of  a  structiu-ally  imsound  building  at  a  site.  It  should  be  noted 
that  there  may  be  uncommon  circumstances  which  could  be  considered  to  pose  a  risk  to 
safety  under  c.2lE.  An  example  is  the  presence  of  sharp  objects  or  syringes  at  a  disposal  site 
which  have  the  potential  to  increase  the  exposure  of  a  receptor  to  the  oil  or  hazardous 
material  (including  infectious  material  pursuant  to  310  CMR  40.0347(5))  present  at  the  site 
through  a  puncture  wound  or  similar  injury. 

4.2  DEFINITIONS    OF    CHARACTERISTICS    OF   HAZARDOUS    MATERIALS 
WHICH  MAY  POSE  A  RISK  OR  HARM  TO  SAFETY 

In  this  section  particular  characteristics  of  hazardous  materials,  those  which  pose  a  risk  of 
harm  to  safety,  will  be  discussed  more  in  depth.  How  one  determines  if  a  material  is 
flammable/ignitable,  corrosive,  reactive,  or  infectious  is  outUned  in  section  40.0347  of  the 
Massachusetts  Contingency  Plan. 

The  definition  oi  flammability/ignitability  is  discussed  in  section  310  CMR  40.0347(1)  of  the 
MCP.  A  material  is  considered  flammable/ignitable  if  a  representative  sample  exhibits  any 
of  the  following  characteristics:  Hquid  with  a  flash  point  of  less  than  60  degrees  Celsiiis/140 
degrees  Fahrenheit;  a  non-liquid  which  is  capable  luider  standard  temperature  and  pressure 
of  catching  fire  through  friction,  absorption  of  moisture  or  spontaneous  chemical  changes 
and,  when  ignited  bums  so  vigorously  and  persistently  that  it  creates  a  hazard;  a  compressed 
gas  that  is  ignitable  or  an  oxidizing  agent.  Methods  for  testing  for  determining  flash  point 
of  hquids  and  the  ignitabiUty  of  compressed  are  outhned  in  section  310  CMR  40.0347(l)(b) 
and  (c). 

Corrosivity  is  discussed  in  section  310  CMR  40.0347(2)  of  the  MCP.  A  material  is  considered 
corrosive  if  a  representative  sample  exhibits  any  of  the  following  properties:  it  is  aqueous 
and  has  a  pH  equal  to  or  less  than  2.0  or  equal  to  or  greater  than  12.5;  it  is  a  hquid  and 
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corrodes  steel  (type  SAE  1020)  at  a  rate  greater  that  6.35  mm  per  year  at  a  test  temperature 
of  55  degrees  Celsius;  or  it  is  a  liquid  that  causes  visible  destruction  or  irreversible 
alterations  in  mammalian  skin  tissue  at  the  site  of  contact.  Methods  for  testing  pH  and 
determining  the  rate  of  corrosion  are  outlined  in  section  310  CMR  40.0347(2)(b)  and  (c). 

Reactivity  is  discussed  in  section  310  CMR  40.0347(3)  of  the  MCP.  A  material  is  considered 
reactive  if  a  representative  sample  exhibits  any  of  the  following  properties:  it  is  normally 
unstable  and  readily  undergoes  violent  changes  without  detonating;  it  reacts  violently  with 
water;  it  forms  potentially  explosive  mixtures  with  water;  when  mixed  with  water  it  generates 
toxic  gases,  vapors,  or  fumes  in  a  sufficient  quantity  to  pose  a  risk  to  safety;  it  is  capable  of 
detonation  or  explosive  reaction  if  it  is  subjected  to  a  strong  initiating  source  or  if  heated 
under  confinement;  it  is  readily  capable  of  detonation  or  explosive  decomposition  or  reaction 
at  a  standard  temperature  and  pressure;  or  is  defined  as  a  forbidden  explosive,  or  a  Class  A 
or  Class  B  explosive. 

Infectious  materials,  which  pose  a  risk  of  harm  to  safety,  are  defined  in  section  310  CMR 
40.0347(5)  of  the  MCP.  Infections  material  are  those  materials,  that,  because  of  their 
infectious  characteristics  may:  cause,  or  significantly  contribute  to  an  increase  in  mortahty 
or  an  increase  in  serious  irreversible  or  incapacitating  reversible  illness;  or  pose  a  substantial 
present  or  potential  hazard  to  human  health  or  the  environment  when  improperly  treated, 
stored,  transported,  disposed  of  or  otherwise  managed.  Infectious  materials  are  hazardous 
materials  subject  to  the  provisions  of  the  MCP,  xmless  specifically  excluded  from  regulation. 

4.3       APPLICABLE  OR  SUITABLY  ANALOGOUS  STANDARDS,  GUIDELINES, 
AND  POLICIES 

At  a  minimum,  current  and  reasonably  foreseeable  disposal  site  conditions  and  conditions  in 
the  surrounding  environment  must  be  compared  to  appUcable  or  suitably  analogous  safety 
standards,  guidelines,  and  policies  when  characterizing  the  risk  of  harm  to  safety.  When 
assessing  the  flammability/ignitability  of  an  oil  or  hazardous  material,  ORS  recommends 
applying  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  standards  for 
determining  the  Lower  Explosive  Limits  (LELs)  of  compounds  in  air. 
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5.0      METHOD  1 

The  specific  regulations  concerning  the  Method  1  risk  characterization  procedure  are  found 
at  310  CMR  40.0970  of  the  Massachusetts  Contingency  Plan.  Readers  are  reminded  that 
general  requirements  appHcable  or  potentially  apphcable  to  all  risk  characterizations  are 
found  in  310  CMR  40.0900  through  40.0960,  collectively  referred  to  as  Subpart  I.  Readers 
are  urged  to  refer  to  the  MCP  if  there  are  questions  about  the  specific  regulatory 
requirements. 

The  Method  1  approach  was  developed  to  provide  a  straightforward  comparison  of  site 
conditions  to  promxilgated  standards  to  evaluate  the  risk  of  harm  to  health,  public  welfare 
and  the  environment\  The  use  of  promulgated  standards  in  the  risk  characterization  has 
many  benefits: 

•  The  assessment  process  is  simplified.  The  risk  assessor  does  not  need  to 
quantitatively  evaluate  receptor  exposures,  nor  expUcitly  estimate  risk. 

•  There  is  greater  certainty  that  the  requirements  of  the  regulations  have  been 
achieved.  The  "No  Significant  Risk"  levels  are  stated  exphcitly  and  in  terms  that  are 
familiar  to  the  lay  pubhc  and  site  assessment  specialists  alike:  concentrations  of  the 
contaminant  in  soil  and  groimdwater. 

•  There  is  greater  consistency  in  remedial  decisions.  Because  the  No  Significant  Risk 
requirements  are  exphcit,  there  is  httle  opportunity  for  varied  interpretation  from 
site-to-site. 

•  The  cost  and  time  required  for  the  risk  characterization  is  reduced,  freeing  resources 
to  be  used  for  remediation. 


Promulgated  standards  are  generic  by  nature,  and  use  of  the  MCP  Method  1 

standards  provides  very  limited  site-specific  flexibihty.   ^v  choosing  to  use  the 

Method  1  risk  characterization  approach  the  risk  assessor  is  implicitly  accevtins 

the  assumptions  identified  by  MADEP  for  the  development  and  use  of  the 

standards. 


The  risk  of  harm  to  safety  must  be  evaluated  separately,  as  described  in  Section  4.0  of  this  guidance  docoment. 
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Applicability  of  Risk   Characterization  Method   1 
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Figure  5.1 
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Because  of  the  generic  nature  of  the  Method  1  standards,  this  approach  is  not  available  to 
all  sites.  Method  1  is  also  not  required  at  sites  where  it  is  an  available  option  as  the  risk 
assessor  may  chose  to  conduct  either  a  Method  2  or  Method  3  risk  characterization  in  lieu 
of  Method  1  if  he/she  beheves  that  the  benefits  of  such  a  site-specific  approach  outweigh 
those  described  above. 

5.1       APPUCABIUTY 

When  determining  whether  Method  1  can  be  used  to  characterize  the  risk  of  harm  to  health, 
pubhc  welfare  and  the  environment,  the  risk  assessor  should  scrutinize  criteria  found  at 
310  CMR  40.0942.  It  is  expected  that  Method  1  will  be  an  option  at  the  majority  of  c21E 
sites.  At  certain  sites,  however,  the  risk  assessor  will  have  to  supplement  the  Method  1  risk 
characterization  with  some  form  of  a  Method  3  assessment,  while  at  other  sites  Method  1 
will  not  be  an  available  option.  This  section  describes  the  circxmastances  under  which 
Method  1  may  or  may  not  be  employed.  Method  1  is  never  required  for  particular  sites.  It 
is  up  to  the  risk  assessor  to  determine  the  appropriate  risk  characterization  approach  from 
among  the  methods  identified  as  apphcable  to  the  site. 


5.2       GENERAL  APPROACH 

A  Method  1  risk  characterization  always  includes  the  following  steps,  although  the  scope  and 
level  of  effort  of  the  risk  characterization  will  depend  upon  the  complexity  of  the  disposal 
site  and  the  response  action  being  taken. 

•  Information  gathered  as  part  of  the  site  investigation  is  used  to  determine  the  nature  and 
extent  of  oil  or  hazardous  material  present  and  the  extent  of  contamination. 

•  Information  gathered  as  part  of  the  site  investigation  is  used  to  identify  background 
concentrations  and  to  determine  the  contaminants  of  concern  for  the  risk 
characterization. 

•  The  appUcabihty  of  Method  1  is  affirmed. 

•  Knowledge  about  the  disposal  site  and  the  surrounding  area  is  used  to  categorize  the  soil 
and  the  groundwater. 

•  The  soil  and  groundwater  categories  are  used  to  identify  the  Method  1  standards  which 
are  apphcable  to  the  disposal  site. 

•  Chemical  concentrations  and  their  spatial  distribution  are  used  to  identify  exposure 
points  (including  hot  spots)  and  exposure  point  concentrations. 
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•  The  exposure  point  concentrations  are  compared  to  the  apphcable  Method  1  standards. 

•  The  risk  of  harm  to  safety  is  characterized. 

•  A  conclusion  is  drawn  as  to  whether  a  condition  of  no  significant  risk  of  harm  to  health, 
safety,  pubhc  welfare  or  the  environment  exists  or  has  been  achieved  at  the  disposal  site, 
with  or  without  Activity  and  Use  Limitations. 

•  Activity  and  Use  Limitations  (if  necessary)  to  limit  future  use  of  the  site  are  described. 

Note  that  Method  1  represents  a  streamlined  approach  to  the  risk  characterization  process, 
not  to  the  site  assessment  process;  an  adequate  knowledge  of  the  site  and  the  contamination 
present  is  still  necessary  to  employ  this  approach.  Of  course,  the  resources  required  for  the 
site  assessment  will  vary  from  site-to-site,  depending  upon  the  nature  and  complexity  of  the 
release  under  investigation:  the  scope  and  level  of  effort  required  for  the  site  investigation 
and  the  risk  characterization  will  be  determined  using  the  professional  judgement  of  the 
investigator  considering  site-specific  circumstances. 

The  risk  assessor  should  keep  in  mind  that  the  Method  1  approach  does  not  evaluate 
potential  Imminent  Hazards  which  may  be  present  at  the  disposal  site.  If  site  conditions 
suggest  that  a  quantitative  Imminent  Hazard  Evaluation  be  conducted  for  the  disposal  site, 
the  regulations  found  at  310  CMR  40.0950  and  the  guidance  provided  in  Section  10.0  of  this 
dociunent  must  be  considered.  Such  evaluations  are  not  routinely  required  at  all  disposal 
sites. 

Information  concerning  the  site,  nature  and  extent  of  contamination,  soil  and  groTindwater 
categories,  exposure  point  concentrations,  apphcable  Method  1  standards  and  conclusions  of 
the  risk  characterization  must  be  provided  to  MADEP  in  the  docimaentation  which  supports 
the  risk  characterization.  The  documentation  of  the  risk  characterization  may  be  one  or 
more  chapters  of  another  submittal  to  the  Department  or  it  may  be  presented  as  a  separate 
document. 

The  remaining  sections  of  this  chapter  will  describe  in  more  detail  the  general  steps  outlined 
above. 


5.3       DETERMINING  THE  NATURE  AND  EXTENT  OF  CONTAMINATION 

Section  2.2  of  this  document  presents  general  guidance  on  determining  the  nature,  extent, 
distribution  and  magnitude  of  contamination  at  disposal  sites  for  the  purpose  of  risk 
characterization.  The  MCP  (310  CMR  40.0904)  directs  the  investigator  to  collect  sufficient 
site  and  contaminant  information  to  support  the  risk  characterization.  Knowledge  about  the 
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nature  and  extent  of  contamination  is 
used  to  determine  whether  a  Method  1 
risk  characterization  is  appropriate  for 
the  disposal  site,  and  whether,  pursuant 
to  Method  1,  the  contamination  at  the 
site  poses  No  Significant  Risk. 

At  the  start  of  the  risk  characterization 
process  the  investigator  should  know 
what  chemicals  are  present,  the 
environmental  media  in  which  the 
chemicals  are  located,  the  concentrations 
of  each  chemical  in  each  medium  and  the 
spatial  distribution  of  the  contaminants. 
In  addition,  the  migration  potential  of 
each  chemical  should  be  considered  to 
determine  the  likelihood  of  the  oil  or 
hazardous  material  spreading  within 
existing  contaminated  media  (e.g., 
growing  plumes  of  chlorinated 
hydrocarbons)  or  being  transferred  to  an 
environmental  medium  which  is 
ciurently  unaffected  by  the  site  (e.g., 
future  discharge  of  groundwater  to  a 
surface  water  body).  If  contaminant 
concentrations  are  likely  to  increase  at  a 
current  or  foreseeable  exposure  point 
then  the  risks  associated  with  those 
estimated  future  concentrations  must 
also  be  characterized.  Chemical-specific 
information  which  may  be  relevant  to  the 
risk  characterization  includes  the  factors 
hsted  at  310  CMR  40.0904(3),  including 
environmental  fate  and  transport 
characteristics,  mobihty,  persistence, 
volatihty  and  potential  for  bioaccumulation. 

Overall  confidence  in  the  assessment  and  remediation  process  is  directly  related  to  the  site 
characterization:  if  the  investigator  fails  to  analyze  a  mediima  likely  to  be  contaminated  by 
the  chemicals  at  the  site,  if  the  focus  of  the  evaluation  is  the  source  area  to  the  exclusion 
of  contamination  which  has  migrated  off  the  property,  or  if  too  few  samples  were  taken  (or 
taken  in  dubious  locations,  or  analyzed  following  the  wrong  methodology)  to  sufficiently 


METHOD  1  ASSESSMENTS  AT 
CYANIDE  SITES 

When  cyanide  is  present  in  accessible  soil  at  a  site, 
an  imminent  hazard  evaluation  of  the  potential  risk 
from  a  one-time  dose  should  be  done  automatically, 
regardless  of  which  risk  assessment  method  is  being 
used.  Of  all  of  the  chemicals  commonly  detected  at 
disposal  sites,  cjranide  is  the  only  one  which  could 
pose  a  significant  health  risk  from  a  one-time 
exposure  to  concentrations  that  are  often  foimd  in 
the  environment.  Although  acute  exposures  to 
some  other  hazardous  materials  could  pose  a  health 
risk  at  some  level,  the  concentrations  at  iniiich 
acute  ^cposures  are  of  concern  are  much  hi^ier 
than  levels  typically  found  in  the  environment. 

With  cyanide,  the  risk  estimate  for  a  one  time 
exposure  may  exceed  the  risks  from  long  term 
exposures.  There  are  two  reasons  for  this  paradox. 
First,  one-time  risk  estimates  are  based  on  the 
highest  concentration  detected,  while  long-term  risk 
estimates  and  comparisons  to  Method  1  Standards 
use  average  soil  concentrations.  Second,  because 
cyanide  is  metabohzed  and  cleared  from  the  body 
relatively  quickly,  exposures  which  occur  in  a  short 
period  of  time  will  have  a  greater  effect  than 
exposure  to  the  same  total  amount  received  over  a 
longer  period  of  time  -  even  if  the  time  difTerence 
is  a  matter  of  hours.  The  Method  1  Standard  for 
cyanide  is  the  same  as  the  concentration  above 
which  a  one-time  dose  could  pose  a  significant  risk. 
Therefore,  comparing  an  average  soil  concentration 
to  the  Method  1  Standard  does  not  protect  against 
potential  health  risks  from  a  one-time  dose. 
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describe  the  nature  and  extent  of  contamination,  then  conclusions  drawn  from  the  risk 
characterization  will  be  meaningless. 


5.4       roENTIFICATION  OF  CONTAMINANTS  OF  CONCERN  (COC) 

Once  the  oil  or  hazardous  material  present  at  the  site  have  been  identified  for  each 
contaminated  environmental  medium,  the  process  of  selecting  the  contaminants  of  concern 
may  proceed.  The  contaminants  of  concern  are  those  chemicals  which  are  carried  through 
the  risk  characterization  process.  General  guidance  on  the  selection  of  contaminants  of 
concern  is  provided  in  Section  2.4  of  this  docimient.  At  some  sites  there  may  be  a  single 
contaminant  of  concern,  while  the  hst  of  COCs  may  be  lengthy  at  others. 

The  discussion  in  Section  2.4  identifies  three  basic  criteria  used  to  eliminate  a  chemical  from 
further  consideration  in  the  risk  assessment:  (1)  the  chemical  is  present  at  a  very  low 
frequency  of  detection  and  at  very  low  concentration,  or  (2)  the  chemical  is  present  at  a  level 
consistent  with  "background",  or  (3)  the  chemical  is  a  field  or  laboratory  contaminant.  The 
reader  is  also  referred  to  the  "background"  discussion  presented  in  Section  2.3,  including  the 
identification  of  background  levels  at  a  site  and  the  comparison  of  site  concentrations  to 
background  conditions.  The  process  of  identifying  contaminants  of  concern  is  the  same  for 
Method  1  as  for  a  site-specific  risk  assessment. 


5.5       AFFIRMATION  OF  METHOD  1  APPLICABILITY 

The  risk  characterization  report  should  demonstrate  that  the  use  of  Method  1  to  characterize 
risk  at  the  site  is  appropriate  (310  CMR  40.0971(4)).  The  Department  understands  that 
there  is  a  bias  towards  the  use  of  Method  1  due  to  its  simpUcity  and  ease  of  use  which  could 
result  in  the  use  of  Method  1  standards  to  situations  where  they  do  not  apply.  By  requiring 
that  the  method  selection  process  be  documented  in  the  risk  characterization  report,  the 
regulations  compel  the  risk  assessor  (and/or  LSP)  to  think  through  the  appUcabiUty  criteria 
at  every  site.  Section  5.1  of  this  document  reviews  the  apphcability  of  Method  1  at  c.2lE 
disposal  sites. 


5.6       SOIL  AND  GROUNDWATER  CATEGORIZATION 

General  guidance  on  the  categorization  of  soil  and  groundwater  is  provided  in  Section  2.1.5 
of  this  document,  and  the  regulations  pertinent  to  categorization  are  found  in  the  MOP  at 
310  CMR  40.0930.  The  current  and  foreseeable  use  of  the  soil  and  groundwater  determine 
the  categories  (S-1,  S-2  and/or  S-3  for  soil,  GW-1,  GW-2  and/or  GW-3  for  groundwater)  which 
apply  at  the  site. 
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Soil  is  categorized  based  upon  its  accessibility  (depth),  the  age  of  potential  receptors  (child 
or  adult)  at  the  site,  the  frequency  at  which  the  receptors  visit  the  location  and  the  nature 
(intensity)  of  the  activities  that  occur  at  the  location.  These  factors  allow  the  soil  to  be 
described  as  having  high,  medium  or  low  exposure  potential:  the  soil  categories  represent 
an  exposure  gradient,  where  accessibility,  the  presence  of  children,  frequent  use  and  intense 
activity  indicate  a  higher  exposure  potential,  while  soil  at  depth,  limitations  on  access  for 
children,  infrequent  and  passive  use  all  indicate  lower  potential  for  exposure.  Often  the  use 
of  properties  in  the  surrounding  area  (e.g.,  adjacent  land)  may  give  an  indication  of  potential 
exposures  on  the  property  xmder  investigation,  and  thus  they  should  also  be  considered  (e.g., 
a  property  located  next  to  an  elementary  school  is  likely  to  be  routinely  visited  by  school-age 
children.  Due  to  the  various  factors  which  go  into  the  categorization  of  soil,  it  will  be 
common  to  fmd  more  than  one  soil  category  present  at  the  site:  the  surficial  soil  may  be 
considered  S-1,  for  example,  while  the  soil  located  more  than  three  feet  below  the  surface 
could  be  S-2.  A  property  supporting  multiple  uses  (a  hght  manufacturing  facility  with  an  in- 
house  day  care  center,  for  example)  could  have  the  surficial  soil  categorized  as  S-1  in  the 
area  of  the  day  care  while  the  surficial  soil  in  other  areas  may  be  S-3.  [It  should  be  obvious, 
however,  that  a  specific  area  cannot  be  in  two  soil  categories  at  the  same  time.l 

Groundwater  is  categorized  based  upon  its  current  and/or  future  use  as  drinking  water 
(GW-1),  its  potential  to  act  as  a  soiu-ce  of  volatile  material  to  indoor  air  (GW-2),  and  its 
potential  to  discharge  material  to  surface  water  (GW-3).  Groundwater  may  be,  at  the  same 
time,  GW-1,  GW-2  and  GW-3  as  these  exposures  are  not  mutually  exclusive.  In  fact,  all 
groimdwater  is  categorized  as  GW-3.  The  groundwater  at  the  site  may  also  be  GW-2  and/or 
GW-1,  depending  upon  site-specific  factors.  Thus,  the  potential  combinations  of  groundwater 
categories  are: 

•  GW-3  only, 

•  GW-1  and  GW-3, 

•  GW-2  and  GW-3,  or 

•  GW-1  and  GW-2  and  GW-3. 

It  is  not  possible  for  groundwater  to  be  GW-1  alone  or  GW-2  alone. 

One  additional  factor  to  consider  when  evaluating  groundwater  is  the  potential  migration  of 
the  contaminated  water  into  an  area  with  a  different  groundwater  category. 

Note  that  both  the  current  and  future  use  of  the  land  and  groundwater  must  be  considered 
in  the  categorization  process.  Thus,  in  categorizing  soil  as  S-2  or  S-3,  it  is  impUed  that  the 
potential  future  exposures  to  that  soil  are  restricted  in  some  manner  (by  depth  to  the  soil, 
access  to  the  site,  etc.).  Under  Method  1  only  S-1  soils  can  be  described  as  "unrestricted"  for 
any  use.  For  groundwater,  the  consideration  of  the  future  use  of  the  groundwater  as  a 
drinking  water  source  (GW-1)  and  as  a  future  source  of  discharge  to  surface  water  (GW-3) 
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are  built  into  the  categorization  criteria.  It  is  only  for  the  GW-2  category  that  future 
changes  in  the  use  of  the  property  could  effect  the  groundwater  category  (i.e.,  constructing 
a  building  where  there  is  presently  no  structure.) 

All  soil  and  groundwater  must  be  categorized.  There  is  no  soil  or  groundwater  which  does 
not  fit  into  one  of  the  estabhshed  categories. 


5.7       IDENTIFICATION      OF     APPLICABLE     METHOD      1      SOIL     AND 
GROUNDWATER  STANDARDS 

The  categorization  process  summarized  above  is  the  basis  for  selecting  the  applicable  soil  and 
groundwater  standards  under  Method  1.  The  regulations  pertinent  to  the  apphcabiUty  of 
those  standards  are  found  at  310  CMR  40.0974  and  310  CMR  40.0975,  for  groimdwater  and 
soil,  respectively. 

The  Department  has  pubhshed  (MADEP,  1994)  a  detailed  description  of  the  development  of 
the  MOP  Method  1  Standards. 

The  docimientation  which  supports  the  risk  characterization  should  include  a  list  of  the  MOP 
Method  1  groimdwater  and  soil  standards  determined  to  be  apphcable  for  the  site 
(310  CMR  40.0973(5). 

5.7.1    Groundwater 

The  Method  1  groundwater  standards  are  Hsted  at  310  CMR  40.0974(2),  m  Table  1  of 
Subpart  I.  A  portion  of  that  table  is  presented  as  Figure  5-2  for  illustration  purposes. 
The  table  of  groundwater  standards  consists  of  five  columns: 

the  name  of  the  oil  or  hazardous  material, 

the  CAS  number  of  the  oil  or  hazardous  material, 

the  GW-1  standard  for  the  oil  or  hazardous  material, 

the  GW-2  standard  for  the  oil  or  hazardous  material,  and 

the  GW-3  standard  for  the  oil  or  hazardous  material. 

As  previously  described,  more  than  one  groundwater  category  can  apply  to  the 
groundwater  at  a  site,  and  all  groundwater  is  considered  to  be  GW-3.  Thus  the  standards 
Hsted  in  the  last  column  (GW-3  Standard)  of  Table  1  (Figure  5-2)  apply  to  the 
groundwater  at  all  sites.  In  addition,  the  standards  Usted  in  column  three  (GW-1 
Standard)  and  column  four  (GW-2  Standard)  may  also  be  apphcable,  depending  upon  site- 
specific  factors.    In  the  case  when  more  than  one  category  appUes,  for  example,  if  the 
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groundwater  at  a  site  is  GW-1,  GW-2  and  GW-3,  then  all  the  appHcable  standards  must 
be  considered,  and  the  lowest  apphcable  value  would  drive  the  risk  characterization. 


It  is  not  true  that  GW-1  standards  are  always  the  lowest  groundwater 

standards. 

Because  the  groimdwater  categories  look  at  markedly  different  exposure 
routes,  any  of  the  three  categories  may  be  the  most  sensitive,  depending 
upon  the  chemical.  In  general,  GW-3  is  the  most  stringent  category  for 
pesticides  and  some  metals,  while  the  GW-2  standards  may  be  lowest  for 

some  halogenated  volatile   chemicals. 


FIGURE  5-2 

310  CMR  40.0974(2) 

TABLE  1 

MCP  Method  1  GROUNDWATER  STANDARDS 

APPLICABLE  IN  AREAS  WHERE  THE  GROUNDWATER 

IS  CONSIDERED  TO  BE  ONE  OR  MORE  OF  THE 

FOLLOWING  CATEGORIES  PER  310  CMR  40.0932 

GW-1 
Standard 

GW-2 
Standard 

GW-3 
Standard 

CAS           Mg/Uter 
Oil  and/or  hazardous  Material     Number          (ppb) 

fjLg/Uter 
(ppb) 

fig/hter 
(ppb) 

ACENAPHTHENE                            83329 
ACENAPH'l'HYT.F.NE                      208968 
ACETONE                                          67641 
AT.DRIN                                              309002 
ANTHRACENE                                  120127 

20 

300 

3,000 

0.5 

600 

NA 
NA 
50,000 
0.5 

NA 

2,000 

2,000 

50,000 

9 

600 

This  table  is  presented  as  an  example  of  the  format  in  the  regulations, 
actual  table  in  the  regulations  for  current  standards. 

Consult  the 
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5.7.2.  SoU 

The  Method  1  soil  standards  are  listed  at  310  CMR  40.0975(6)  in  the  MCP.  The  soil 
standards  are  organized  in  three  tables  (Subpart  I  Tables  2,  3  and  4),  and  a  portion  of 
each  is  presented  for  illustration  purposes  in  Figures  5-3,  5-4  and  5-5,  respectively.  Each 
table  is  specific  to  a  single  soil  category:  Table  2  contains  all  the  MCP  Method  1 
Category  S-1  standards,  Table  3  contains  all  the  Method  1  Category  S-2  standards,  and 
Table  4  contains  all  the  Method  1  Category  S-3  standards.  Each  table  is  made  up  of  5 
columns: 

•  the  name  of  the  oil  or  hazardoiu  material, 

•  the  CAS  number  of  the  oil  or  hazardous  material, 

•  the  soil  standard  for  soil  overlying  a  GW-1  aquifer, 

•  the  soil  standard  for  soil  overlying  a  GW-2  aquifer, 

•  the  soil  standard  for  soil  overl3dng  a  GW-3  aq\iifer. 


Figure  5-3 


310  CMR  40.0975(6)(a) 

TABLE  2 

MCP  Method  1:   SOIL  CATEGORY  S-1  STANDARDS 

APPUCABLE  TO  SOD.  WHERE  THE  COMBINATION 
OF  SOIL  &  GROUNDWATER  CATEGORIES  ARE: 

s-1  SOIL     S-1  SOIL     S-1  SOIL 
&  GW-1        &  GW-2        &  GW-3 


Oil  and/or  hazardous  Material    CAS  Number 


(ppm) 


(ppm) 


Mg/g 
(ppm) 


ACENAPHTHENE 

ACENAPHTHYLENE 

ACETONE 

ALDRIN 

ANTHRACENE 


83329 

208968 

67641 

309002 

120127 


This  table  is  presented  as  an  example  of  the  format  in  the  regulations.   Consult  the 
actual  table  in  the  regulations  for  current  standards. 


The  soil  standards  were  derived  in  consideration  of  potential  direct  contact  exposures 
(incidental  soil  ingestion  and  dermal  contact)  and  considering  the  potential  for  the  oil  or 
hazardous  material  to  leach  from  the  soil  and  contaminate  the  underlying  groundwater. 
Thus  the  allowable  level  of  a  chemical  in  soil  depends,  in  part,  upon  the  allowable  level 
of  the  chemical  in  the  groundwater.  If  the  groundwater  at  the  site  is  determined  to  be 
in  more  than  one  groundwater  category  (e.g.,  both  GW-2  and  GW-3)  then  more  than  one 
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I 


soil  standard  will  apply  (e.g.,  both  S-l/GW-2  and  S-l/GW-3)  and  the  lowest  of  the 
applicable  standards  will  drive  the  risk  characterization. 


Figure  5-4 


310  CMR  40.0975(6)0)) 

TABLES 

MCP  Method  1:   SOn.  CATEGORY  S-2  STANDARDS 

APPUCABLE  TO  SOH.  WHERE  THE  COMBINATION 
OF  SOIL  &  GROUNDWATER  CATEGORIES  ARE: 

s-2  SOIL     S-2  SOIL     S-2  SOIL 
&.  GW-1        &  GW-2         &.  GW-3 

H-e/e        Mg/g         Mg/g 

Oil  and/or  hazardous  Material    CAS  Number       (ppm)           (pptn)           (ppm) 

ACENAPHTHENE                             83329 
ACENAPHTHYT.ENE                        208968 
ACETONE                                          67641 
AT.DRIN                                              309002 
ANTHRACENE                                 120127 

20             2,500              2.000 

100             2,500                 800 

3                  60                   60 

0.04               0.04                0.04 

1.000             2,500              1.000 

This  table  is  presented  as  an  example  of  the  format  in  the  regulations.   Consult  the 
actual  table  in  the  regulations  for  current  standards. 

Figure  5-5 


310  CMR  40.0975(6)(c) 

TABLE  4 

MCP  Method  1:   SOIL  CATEGORY  S-3  STANDARDS 

APPUCABLE  TO  SOIL  WHERE  THE  COMBINATION  OF 
SOIL  &  GROUNDWATER  CATEGORIES  ARE: 


Oil  and/or  hazardous  Material     CAS  Number 


S-3  SOIL 
&GW-1 

Mg/g 
(ppm) 


S-3  SOIL 
&GW-2 

Mg/g 
(ppm) 


S-3  SOIL 
&GW.3 

/ttg/g 
(ppm) 


ACENAPHTHENE 

ACENAPHTHYLENE 

ACETONE 

ALDRIN 

ANTHRACENE 


83329 

208968 

67641 

309002 

120127 


20 

100 

3 

0.1 
1,000 


5,000 

2,500 

60 

0.1 

5,000 


2,000 

800 

60 

0.1 

1.000 


This  table  is  presented  as  an  example  of  the  format  in  the  regulations.   (Consult  the 
actual  table  in  the  regulations  for  current  standards. 
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Interestingly,  the  leaching-to-groundwater  pathway  is  often  more  sensitive  (produces  a 
lower  allowable  soil  concentration)  than  the  direct  contact  exposure  pathway.  As  a  result, 
many  of  the  standards  for  S-1,  S-2  and  S-3  soil  overlying  a  particular  groundwater 
category  will  be  the  same  value:  for  example  the  S-l/GW-1,  S-2/GW-1  and  S-3/GW-1 
standards  for  acetone  in  the  tables  above  are  all  3  /xg/g.  Thus,  while  one  would  expect 
the  allowable  acetone  soil  concentration  to  increase  as  the  soil  category  increases  (S-1  soil 
to  S-3  soil,  or  high  to  low  exposiu-e  potential),  this  does  not  occur. 


5.8       roENTIFICATION    OF    EXPOSURE    POINTS    AND    EXPOSURE    POINT 
CONCENTRATIONS  (Including  Hot  Spots) 

The  regulations  which  address  the  identification  of  exposure  points  and  the  development  of 
exposiu-e  point  concentrations  for  Method  1  risk  characterizations  are  found  at 
310  CMR  40.0973(3)  and  (4).  More  general  discussion  of  these  terms  appears  at  310  CMR 
40.0924  and  40.0926. 

5.8.1.  Groundwater 

For  groundwater,  the  MCP  defines  the  exposure  point  to  be  used  for  a  Method  1  risk 
characterization  as  "...the  wellhead  and/or  nearest  tap  of  a  well  screened  within  the 
horizontal  and  vertical  distribution  of  the  oil  or  hazardous  material  in  the  groundwater. 
Existing  water  supply  wells  and  monitoring  wells  shall  be  considered  current  or  potential 
Exposure  Points..."  (310  CMR  40.0973(3)(a)).  Thus  each  well  located  within  the 
contaminated  area  is  considered  either  a  current  or  future  exposure  point. 

The  exposure  point  concentrations  for  groundwater  are  thus  easily  identified  as  the 
concentrations  reported  from  each  water  supply  or  monitoring  well,  as  described  in 
310  CMR  40.0973(4)(b).  Limited  averaging  over  time  of  these  reported  concentrations 
would  be  consistent  with  the  statement  at  310  CMR  40.0926  that  exposure  point 
concentrations  shall  be  arithmetic  averages  providing  a  conservative  estimate  of  the 
concentration  at  the  exposure  point,  although  averaging  of  data  across  weUs  (across 
exposure  points)  is  not  acceptable  for  Method  1.  The  quality  of  data  collected  in  the  past 
and  trends  in  the  data  should  be  assessed  to  determine  whether  a  temporal  average  is 
appropriate  to  yield  a  conservative  estimate.  There  are,  of  course,  situations  when  the 
maximum  concentration  reported  (or  an  upper  percentile)  is  appropriate,  including  the 
evaluation  of  acute  exposures,  the  evaluation  of  chemicals  associated  with  lethal  or  severe 
health  effects,  evaluations  performed  with  insufficient  data,  or  conservative  screening 
assessments. 
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5.8.2    Soil 

In  the  MCP  the  exposure  points  for  soil  are  defined  by  ''the  vertical  and  horizontal 
distribution  of  the  material  in  soil  in  combination  with  the  soil  category (ies)  determine 
to  be  applicable"  (310  CMR  40.0973(3)(b)).  Thus,  in  order  to  identify  the  soil  exposure 
points  for  a  Method  1  risk  characterization  the  investigator  must  know  the  extent  of 
contamination  and  how  the  soil  would  be  categorized  at  the  site.  Figures  5-5  through  5- 
10  describe  situations  which  may  arise  when  identifying  soil  exposure  points. 


Figure  5-6 


Th*  Expowira  Point  WeuM  Induds  Only  Tha 
ContanninaUd  Soil 


First,  Method  1  soil  Exposure  Points 
encompass  only  continuous  areas  of 
contaminated  soil  and  do  not  include  dean 
soil.  Thus,  the  boimdary  of  an  Exposure 
Point  is  no  larger  than  the  extent  of  the 
soil  contamination  at  the  site.  Figure  5-6 
illustrates  that  only  the  area  of 
contamination  would  be  considered  the  soil 
Exposure  Point. 


Second,  hot  spots  are  specifically  identified  (310  CMR  40.0924(2))  as  distinct  exposure 
points.  The  identification  of  a  ''hot  spot"  is  discussed  in  more  detail  in  Section  2.2.3  of 
this  document,  but  is  defined  within  the  MCP  as  a  discrete  area  with  substantially  higher 
contamination  relative  to  the  surrounding  area.  Thus,  if  a  hot  spot  exists  with  a  larger 
area  of  contamination,  there  would  be  at  least  two  Exposure  Points  identified:  the  hot 
spot  and  the  area  of  more  generahzed  contamination.  Figure  5-7  illustrates  a  hot  spot 
as  a  distinct  exposure  point. 


Third,  if  the  area  of  contaminated  soil  is  not  contiguous,  then  the  discrete  areas  of 
contaminated  soil  which  exist  at  the  site  are  treated  as  a  separate  Exposure  Point. 
Figure  5-8  illustrates  this  point. 


Figure  5-7 


Finally,  if  the  boundary  of  a  soil 
category  bisects  the  contaminated  area, 
then  the  soil  which  falls  within  each  soil 
category  is  treated  as  separate  Exposure 
Points.  Figure  5-9  Illustrates  how  this 
may  occur. 


A  Hot  Spot  within  An  Atm  Of  ConUminatad  Son  la 
Traatad  Aa  A  Dlatlnd  Expoaura  PoM 


It  is  also  important  to  remember  that 
the  exposure  points  exist  in  three 
dimensions.  Figures  5-6  through  5-9 
present  exposure  points  in  two  dimensions  for  clarity,  but  there  is  a  depth  component 
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Figure  5-9 

as  well,  which  is  why  the  term  "volume" 

is  used  in  the  MCP  in  the  discussion  of 

Method      1      exposure      points 

(310  CMR  40.0973(3)0))).         Thus,     a 

volume  of  contaminated  soil  five  feet 

below  ground  would  be  considered  a 

Method    1   Exposure   Point,   and   that 

Exposure  Point  would  not  include  the 

imcontaminated  soil  on  the  surface  (See 

Figure  5-10).     Multiple  soil  categories, 

hot  spots  and  disconnected  contamination  would  be  considered  in  the  same  manner  in 

three  dimensions  as  they  were  described  above. 


A  Cootfguous  ItohinM  Of  Contamlaatod  Son  Which 

Spans  IWo  SoO  C«t*0OrtM  Is  Tk««tad  As  1Vra  OisMnct 

Exposurs  Points 


Figure  5-8 


Arsss  sf  Conlamlnstsd  Sol  WouM  Bs  l^satsd  As 
1\mi  Sopsrats  Exposurs  Points 


Soil  at  depth  is  considered  an  Exposure 
Point  under  Method  1  due  to  the  potential 
for  future  excavation  and  contact.  Since 
such  potential  future  exposures  are  part  of 
the  basic  premise  of  Method  1 
(310  CMR  40.0972),  the  risk  assessor  cannot 
eliminate  this  exposure  pathway  (determine 
that  such  exposure  would  never  occur,  and 
that  the  soil  at  depth  does  not  constitute  an 
Exposure  Point)  when  using  Method  1  to 
characterize  risk,  although  such  site-specific 
risk  assessment  may  be  appropriate  under 
a  Method  3  assessment. 


Surfscs 


CIosbSoU 


Figure  5-10 

The  exposure  point  concentrations  for  soil 

are  representative  concentrations  for  the  oil 

or  hazardous  material  within  each  exposure 

point.        Typically    the    Exposure    Point 

Concentration    would    be    the    arithmetic 

average  of  the  contaminant  concentration, 

although  consideration  should  be  given  to 

using  the  maximum  concentration  reported 

or  an  upper   percentile   of  the   range   of 

concentrations  reported  when  the  site  data  may  not  be  adequate,  when  evaluating  acute 

exposures,  when  evaluating  chemicals  associated  with  lethal  or  severe  health  effects  or 

when  performing  screening  assessments  (310  CMR  40.0926(3)).     Since  the  Method  1 

exposure  point  is  defined  such  that  it  excludes  uncontaminated  soil,  analj^ical  results 


A  VMums  of  Sol  Bslow  the  Surface  la  Also 
ConaMarad  a  Mathod  i  E>poaura  Point 
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from  "clean"  areas  of  the  site  should  not  be  incorporated  into  the  exposure  point 
concentration. 


5.9       CHARACTERIZING  RISK  UNDER  METHOD  1 

Having  identified  the  Method  1  standards  applicable  to  the  site  (Section  5.7)  and  the  site 
Expostue  Points  and  Exposure  Point  Concentrations  (Section  5.8),  the  risk  characterization 
is  simply  the  comparison  of  the  exposure  point  concentrations  to  the  applicable  Method  1 
standards.  As  described  in  the  MCP  (310  CMR  40.0973(7)),  "a  condition  of  no  significant  risk 
of  harm  to  health,  public  welfare  or  the  environment  exists  if  no  Exposure  Point  Concentration 
is  greater  than  the  applicable  MCP  Method  1  Soil  or  Groundwater  Standard".  The  report 
which  documents  the  risk  characterization  should  include  tables  ordered  by  environmental 
medixmi  and  exposure  point  comparing  the  exposure  point  concentrations  to  the  applicable 
MCP  Method  1  standards.   An  example  of  such  a  table  is  presented  in  Figure  5-11. 

5.9.1    Characterizing  Risks  Using  TPH  Data 

Using  the  Method  1  Standard  for  Total  Petroleum  Hydrocarbon 

Total  Petroleiun  Hydrocarbon,  or  TPH,  is  one  of  the  one  hundred  and  seven  chemicals 
(or  groups  of  chemicals)  for  which  MADEP  has  developed  Method  1  Standards.  TPH  is 
a  loosely  defined  parameter  which  provides  an  estimate  of  the  total  concentration  of 
petroleimi  hydrocarbons  in  a  sample.  MADEP  receives  many  questions  from  risk 
assessors  and  site  managers  regarding  appropriate  use  of  the  Method  1  TPH  Standard. 
This  section  is  written  to  provide  additional  guidance  on  using  the  Method  1  Standard 
to  evaluate  releases  of  petroleum  hydrocarbons. 

What  is  the  meaning  of  the  footnote  associated  with  the  Method  1  TPH  Standard? 

The  Method  1  Standards  for  TPH  (contained  m  Tables  1-5  of  Subpart  I  in  the  MCP)  are 
marked  with  a  footnote  which  reads: 

Total  Petroleiun  Hydrocarbon  as  measured  using  standard  analytical  methods  or  methods  which  provide 
toxicity-weighted  concentrations,  such  as  the  MADEP  TPH  approach.  This  standard  does  not  address  and 
is  not  sufficient  to  evaluate  specific  chemicals  which  may  be  present  in  some  petroleum  products  and  vrfiich 
have  promvdgated  MCP  standards  (such  as  benzene,  toluene,  ethylbenzene,  xylenes  and  polyc^clic  aromatic 
hydrocarbons  (PAHs). 

The  Department  has  promulgated  Method  1  standards  for  TPH  to  make  it  possible  to 
more  easily  address,  in  a  quantitative  manner,  the  bulk  of  compoimds  in  petrolemn 
products  which  are  difficult  to  identify  and  evaluate  and  which  in  the  past,  were  largely 
ignored  in  risk  assessments.    In  deciding  to  develop  a  TPH  standard,  the  Department 
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recognized  that  there  are  difficulties  associated  with  quantitatively  evaluating  the  many 
chemicals  present  in  petroleum  products.  The  Department  also  recognized  that  there 
are  risks  associated  with  exposure  to  these  compounds  and  they  should  not  be  ignored 
in  the  risk  assessment.  Thus,  the  TPH  standard  was  developed  to  allow  evaluation  of  the 
mass  of  compounds  in  petroleum  products  which  typical  analytical  methods  cannot 
quantify  and  for  which  good  toxicity  information  does  not  exist. 


EXAMPLES  OF 

COMPOUNDS  NOT 

COVERED  BY  THE  TPH 

STANDARD 

Benzene 

Toluene 
Ethylbenzene 

MTBE 

Xylenes 

Polycyclic  Aromatic 

Hydrocarbons 


Contrary  to  what  its  name  suggests,  the  Method  1 

TPH  standard  was  developed  without  considering 

all  of  the  compounds  that  may  be  present  in 

petroleum  products.    In  other  words,  the  Method 

1  TPH  Standard  is  not,  by  itself,  sufficient  to 

evaluate  the  total  nimiber  of  compounds  which 

may  be  present  in  a  petroleum  product.  The  TPH 

standard  does  not  address  and  is  not  sufficient  to 

evaluate   all   of  the   compounds  which   may  be 

present    in    a    petroleum    product    because    in 

developing  the  TPH  standard,  the  Department 

intentionally  did  not  consider  the  toxicity  of  a 

number  of  compounds  which  are  often  present  in 

petroleum    products.        Specifically,    the    TPH 

standard  does  not  incorporate  common  constituents  of  TPH  which  can  be  identified  and 

quantified  easily  and  constituents  for  which  good  toxicity  information  exists.  In  addition, 

the  Department  did  not  include  additives  that  may  be  present  in  some  petroleum 

products.    Examples  of  compounds  which  are  commonly  present  in  petroleum  products 

whose  toxicities  were  not  considered  in  developing  the  TPH  standard  are  provided  in  the 

accompanying  box.  It  should  be  clear  that  since  the  toxicity  of  these  compounds  was  not 

considered  in  developing  the  TPH  standard,  these  compounds  must  be  evaluated 

separately  from  TPH  in  the  risk  assessment.    In  other  words,  comparison  of  site  levels 

of  TPH  with  the  Method  1  standard  for  TPH  does  not  eliminate  the  need  to  compare 

concentrations  of  other  petroleum  product  constituents  with  their  respective  Method  1 

standards. 


I  want  to  he  able  to  use  the  TPH  standard,  what  analytical  method(s)  should  I  use  to 
investigate  the  site? 

The  MCP  does  not  recommend  specific  analytical  methods  to  be  used  for  TPH  (or  for  any 
other  oil  or  hazardous  material).  Rather,  the  MCP  relies  on  the  use  of  professional 
judgement  in  selecting  the  analytical  method  most  appropriate  for  a  specific  purpose. 
The  first  step  is  to  determine  the  petroleum  product(s)  which  may  have  been  released 
at  the  site.  MADEP  recognizes  that  is  often  difficult,  especially  when  the  release 
occurred  in  the  past.    The  site  manager  should  use  available  historical  records,  site 
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observations,  screening  analyses,  and  any  other  relevant  information  in  combination  with 
professional  judgement  to  identify  the  petroleum  product(s)  which  may  have  been 
released  at  a  site.  Once  the  likely  petroleum  product(s)  have  been  identified,  the  site 
manager  can  then  select  appropriate  analytical  methods. 

It  should  be  stressed  that  if  one  wants  to  use  the  Method  1  TPH  standard,  one  will  likely 
need  more  than  just  a  TPH  analysis  to  evaluate  the  petroleum  hydrocarbons.  Selecting 
an  analytical  method  and  selecting  petroleum  hydrocarbon  compounds  to  analyze  for 
should  be  done  considering  type  of  petroleum  product  that  was  released.  If  the  site 
manager  suspects  that  the  petroleum  product  contained  benzene,  toluene,  ethylbenzene, 
3Qrlenes  (BTEX)  or  PAHs,  such  compounds  must  be  specifically  analyzed  for.  For 
example,  if  the  release  of  interest  is  gasoline  from  an  old  underground  storage  tank,  the 
analyses  should  certainly  include  BTEX  and  TPH.  The  site  manager  should  also  consider 
analyzing  for  gasoline  additives  such  as  lead  and  MTBE.  Site  managers  should  refer  to 
the  MADEP  Policy  for  the  Investigation,  Assessment,  and  Remediation  of  Petroleum 
Releases  (1991)  and  the  MADEP  Interim  Final  Petroleum  Report:  Development  of  Health- 
Based  Alternative  to  the  TPH  Parameter  (1994)  for  information  which  may  be  helpful  in 
identifying  the  chemicals  which  are  may  be  associated  with  various  petroleum  products. 

When  is  development  of  a  Method  2  standard  needed? 

MADEP  receives  many  questions  regarding  whether  it  is  necessary  to  develop  Method 
2  Standards  for  specific  petroleum  hydrocarbons  that  a  laboratory  may  report  along  with 
the  TPH  results.  When  performing  TPH  analyses,  many  laboratories  also  identify  and 
quantify  chemicals  such  as  trimethylbenzenes,  trichloropropane,  4-isopropyltoluene  and 
isopropyl  benzene.  MADEP  receives  many  questions  regarding  whether  it  is  necessary 
to  develop  Method  2  standards  for  such  chemicals  or  whether  it  is  appropriate  to  simply 
compare  site  concentrations  of  TPH  with  the  TPH  standard.  It  is  MADEP's  view  that 
if  the  mass  of  a  chemical  reported  by  a  laboratory  is  included  in  the  mass  being  reported 
in  the  TPH  value,  then  the  TPH  standard  is  applicable  and  a  separate  Method  2  standard 
need  not  be  developed. 

However,  recall  that  concentrations  of  BTEX  and  PAHs  must  be  compared  with  their 
respective  Method  1  standards,  regardless  of  whether  their  mass  is  included  in  the 
mass  being  reported  in  the  TPH  analysis.  This  is  because  the  toxicities  of  BTEX  and 
PAHs  were  not  considered  by  MADEP  in  the  development  of  the  TPH  standard. 

If  I  have  only  TPH  results,  is  that  enough? 

In  general,  TPH  alone  will  often  not  provide  sufficient  information  to  evaluate  risks  from 
petroleum  hydrocarbons.   Depending  on  the  type  of  petroleum  product  released,  it  may 
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be  necessary  to  analyze  for  the  additional  constituents  whose  toxicities  were  not 
considered  in  developing  the  Method  1  Standard  for  TPH  (i.e.  BTEX  and  PAHs). 


5.10     CHARACTERIZmC  SAFETY  RISKS 

The  Method  1  risk  characterization  process  does  not  specifically  look  at  potential  safety  risks 
posed  by  the  site,  as  safety  is  a  concept  which  is  difficult  to  distill  down  to  a  set  of  generic 
standards.  As  a  result,  the  MCP  requires  that  the  risk  of  harm  to  safety  be  evaluated 
separately  at  all  disposal  sites:  the  same  safety  evaluation  will  occur  whether  a  Method  1, 
Method  2  or  Method  3  risk  characterization  is  being  performed.  Section  4.0  of  this  guidance 
document  discusses  the  MCP  requirements  (310  CMR  40.0960)  for  the  evaluation  of  safety 
concerns.  The  characterization  of  site  safety  risk  would  be  included  as  part  of  the  overall 
docimientation  of  the  risk  characterization. 


5. 1 1     DRAWING  CONCLUSIONS  FROM  A  METHOD  1  RISK  CHARACTERIZATION 

The  overall  purpose  of  the  risk  characterization  is  to  determine  whether  or  not  the  site 
poses  no  significant  risk  of  harm  to  health,  safety,  pubhc  welfare  or  the  environment,  and 
a  clear  statement  of  the  results  is  required  (310  CMR  40.0973(8))  in  the  documentation  of 
the  Method  1  risk  characterization. 

Sites  where  all  exposure  point  concentrations  fall  below  the  apphcable  Method  1  standards 
(and  where  there  is  no  risk  to  safety)  require  no  further  remedial  response  action  to  achieve 
a  condition  of  No  Significant  Risk,  and  those  sites  may  be  eUgible  for  a  Class  A  or  Class  B 
Response  Action  Outcome  (RAO)  pursuant  to  Subpart  J  of  the  MCP.  It  is  important  to 
remember  that  achieving  a  condition  of  No  Significant  Risk  is  not  the  only  requirement  for 
an  RAO:  the  regulations  apropos  Response  Action  Outcomes  contain  additional  requirements 
for  the  elimination  of  continuing  sources  of  oil  or  hazardous  material  (310  CMR  40.1003(5)), 
for  implementing  Activity  and  Use  Limitations  (310  CMR  40.1012)  and  for  achieving 
background  conditions  (310  CMR  40.1020).  The  No  Significant  Risk  standard  should  be 
thought  of  a  minimum  requirement,  but  it  is  not  the  only  requirement  governing  site 
cleanup. 
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Figure  5-11 


COMPARISON  TO  APPUCABI.F.  MCP  METHOD  1  SOIL  STANDARDS 

MCP  Method  1  Soil 

Category  and  Applicable 

Standard 

Exposure  Point 

Standard 

Check  if 

Oil  or  Hazardous 

Concentration 

Soa 

Standard 

EXPOSURE  POINT 

Material 

mg/kg 

Categorj^ies) 

mg/kg 

Exceeded 

#1  -  Surface  soil  in  yard  at 

Acenaphthene 

50 

S-lAJW-l 

20 

• 

10  Downing  Street 

S-l/GW-3 

1.000 

(see  attached  map) 

Acetone 

0.5 

S-l  GW-1 

3 

S-1  GW-3 

60 

Aldrin 

10 

S-l/GW-1 

0.03 

• 

S-yGW.3 

0.03 

• 

#2  -  SoU  from  4'  to  10', 

Acenaphthene 

10 

S-2/GW-1 

20 

beneath  pavement  at  10 

S-2/GW-3 

2,000 

Downing  Street 

(See  attached  map) 

Acetone 

ND 

S-2/GW-1 
S-2/GW-3 

3 
60 

Aldrin 

0.02 

S-2/GW-1 
S-2/GW-3 

0.04 
0.04 

COMPARISON  TO  APPUCABLE  MCP  METHOD  1  GROUNDWATER  STANDARDS 

MCP  Method  1 

Groundwater  Categoiy 

and  AppIifUible  Standard 

Exposure  Point 

Oil  or  Hazardous 
Material 

Ebcposure  Point 

Concentration 

Mg/L 

Groundwater 
Categoiy<ies) 

Standard 

Mg/L 

Check  if 
Exceeded 

#1  -  Private  drinking  water 
well  at  10  Downing  Street 

Acenaphthene 

35 

GW-1 
GW-3 

20 
2,000 

• 

Acetone 

700 

GW-1 
GW-3 

3,000 
50,000 

Aldrin 

10 

GW-1 
GW-3 

0.5 
9 

• 
• 

#2  -  Monitoring  WeU  at 
downgradient  property  line  at 
10  Downing  Street 

Acenaphthene 
Acetone 

10 
150 

GW-1 
GW-3 

GW-1 
GW-3 

20 
2,000 

3,000 
50,000 

1 

Aldrin 

ND 

GW-1 
GW-3 

0.5 
9 

^^^^^^ 
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One  important  aspect  of  the  MCP  is  that  a  distinction  is  made  between  current  use,  exposure 
and  risk  and  future  use,  exposure  and  risk.  One  possible  outcome  of  a  Method  1  risk 
characterization  is  a  demonstration  that  a  condition  of  No  Significant  Risk  has  been  achieved 
for  current  (but  not  future)  conditions.  A  Class  C  Response  Action  Outcome  is  possible  for 
such  sites,  as  a  demonstration  that  all  substantial  hazards  have  been  eliminated  (310  CMR 
40.1050)  is  sufficient. 

If  one  or  more  Exposure  Point  Concentrations  exceed  an  appUcable  Method  1  standard,  then 
a  condition  of  No  Significant  Risk  has  not  been  achieved,  and  further  response  actions  are 
required,  although  implementing  a  remedial  response  action  is  not  the  only  course  of  action 
available.  A  more  site-specific  risk  characterization  approach  (Method  2  or  Method  3)  may 
be  employed  to  evaluate  the  site.  For  some  sites  where  a  Method  1  risk  characterization  has 
indicated  that  a  condition  of  No  Significant  Risk  has  not  been  achieved,  the  site-specific 
approach  might  demonstrate  that,  in  fact,  a  level  of  No  Significant  Risk  does  exist.  (Of 
course  the  more  detailed  evaluation  could  also  reach  the  same  conclusions  as  the  Method  1 
assessment,  but  at  significantly  greater  cost.)  Guidance  for  conducting  such  risk 
characterization  methods  is  contained  in  this  document.  Another  option  available  is  to 
conduct  a  remedial  response  action  designed  to  reduce  the  concentrations  of  oil  or  hazardous 
material  to  levels  below  the  Method  1  standards.  A  third  approach  would  be  to  restrict 
future  site  use  to  those  activities  which  would  be  consistent  with  a  level  of  No  Significant 
Risk.  Under  Method  1,  the  changes  in  site  activities  would  have  to  be  sufficient  to  change 
the  soil  or  groundwater  category  and  thus  the  applicable  standards.  Such  limitation  on  site 
use  would  also  require  the  apphcation  of  Activity  and  Use  Limitations  (AULs).  The  response 
action  chosen  for  a  site  may  also  be  a  combination  of  the  options  described  above,  as  long  as 
the  result  of  the  combined  efforts  is  a  site  which  poses  no  significant  risk  of  harm  to  health, 
safety,  pubhc  welfare  and  the  environment. 


5.12     ACTIVITY  AND  USE  LIMITATIONS 

The  MCP  requires  the  application  of  Activity  and  Use  Limitations  (AULs)  whenever  it  is 
assumed  that  the  future  use  of  the  property  is  not  unrestricted.  The  AULs  are  used  to 
inform  future  owners  of  the  property  of  residual  contamination  and  of  potential  uses  of  the 
property  which  could  be  inconsistent  with  the  Response  Action  Outcome  achieved  for  the 
site. 

AULs  are  specifically  not  required  at  sites  where  the  exposure  point  concentrations  meet  the 
soil  category  S-1  standards  (310  CMR  40.0923(3)(b)2)  or  where  the  levels  of  oil  or  hazardous 
material  are  consistent  with  background.  Such  conditions  are  considered  consistent  with  a 
level  of  No  significant  Risk  for  any  use  of  a  property. 
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Activity  and  Use  Limitations  are  required  whenever  the  condition  of  No  Significant  Risk  has 
been  achieved  through  impUcit  or  exphcit  assumptions  that  the  use  of  the  property  is  such 
that  exposure  to  the  contaminated  soil  or  groundwater  is  Umited.  For  example,  if  the  soil 
is  categorized  as  S-2  because  there  is  currently  asphalt  paving  which  prevents  contact  with 
the  soil,  then  there  is  an  impUcit  assimiption  that  the  asphalt  covering  will  be  maintained 
into  the  future.  If  soil  is  categorized  as  S-3  due  to  its  depth  (greater  than  15  feet),  then 
there  is  an  imphcit  assumption  that  no  excavation  will  take  place  on  the  property  which  will 
disturb  those  soils.  K  groundwater  is  not  categorized  as  GW-2  becaxise  the  land  is  currently 
vacant,  there  is  an  imphcit  assumption  that  no  building  will  be  constructed  on  the  site  which 
would  result  in  reclassification  of  the  groundwater.  Such  land  use  decisions  may  also  be 
expHcitly  a  part  of  a  comprehensive  remedial  response  action  designed  to  eliminate  or 
minimize  potential  exposures.  All  of  these  land  use  decisions  must  be  conveyed  to  futxu-e 
owners  of  the  property  through  Activity  and  Use  Limitations.  The  regulations  specific  to 
AULs  may  be  found  in  the  MCP  at  310  CMR  40.1012  and  40.1070. 

Note  that  soils  which  are  categorized  as  S-2  or  S-3  based  upon  the  current  use  of  the 
property  but  which  meet  the  S-1  standards  for  all  the  oil  or  hazardous  material  present  do 
not  require  AULs  as  that  property  would  be  acceptable  for  unrestricted  use. 

The  documentation  which  supports  the  risk  characterization  must  clearly  state  the  nature 
of  the  land  or  groundwater  use  restrictions  which  are  incorporated  into  the  risk 
characterization  and  describe  the  Activity  and  Use  Limitations.  The  risk  characterization 
results  are  not  considered  to  be  final  until  the  all  required  Activity  and  Use  Limitations  are 
in  place. 


5.13     UNCERTAINTY  ANALYSIS 

The  dociunentation  of  the  Method  1  risk  characterization  should  contain  a  discussion  of  the 
possible  sources  of  uncertainty  present  in  the  site  assessment  and  risk  characterization 
process  which  could  have  an  affect  on  the  conclusions  of  the  assessment.  To  the  extent  that 
it  is  known,  the  uncertainty  discussion  should  describe  whether  the  xmcertainty  is  due  to  an 
incomplete  knowledge  of  the  site  (e.g.,  the  e.g.,  composite  soil  samples  could  mask  the 
presence  of  a  hot  spot),  incomplete  data  from  the  scientific  hterature  or  other  information 
source  (e.g.,  the  GW-1  designation  for  a  site  may  be  based  upon  an  Interim  Wellhead 
Protection  Area  rather  than  a  mapped  Zone  11,  so  the  true  impact  on  the  pubUc  water  supply 
well  is  unknown)  or  from  the  effects  of  natural,  luiquantified  variabihty  (e.g.,  natural 
fluctuation  of  the  water  table  could  result  in  a  different  depth  to  groimdwater).  The 
discussion  should  also  indicate  whether  or  not  the  uncertainty  has  a  biased  impact  on  the 
risk  characterization  results  and,  if  possible,  the  magnitude  of  the  effect. 
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6.0     METHOD  2  MODIFICATIONS 

The  Massachusetts  Contingency  Plan  (MCP)  describes  three  different  methods  for 
characterizing  risk  of  harm  to  public  health,  pubhc  welfare  and  the  environment  at  a  disposal 
site.  This  chapter  provides  guidance  on  conducting  a  Method  2  Risk  Characterization  per 
310  CMR  40.0980. 

As  described  in  Section  5.0  of  this  document,  risk  characterization  Method  1  reUes  upon  the 
use  of  promulgated,  generic  numerical  standards  for  chemicals  in  groimdwater  and  soil  to 
characterize  potential  risk.  The  Method  1  Standards  were  developed  by  the  Department 
using  relatively  conservative  (health-protective)  exposure  assimiptions  to  describe  potential 
exposures  which  could  occiu"  to  soil  and  groundwater.  These  defined  sets  of  such 
assumptions  (or  ""exposure  scenarios")  are  considered  to  be  conservative  estimates  of  potential 
exposxu*es  at  most  sites.  The  details  of  the  development  of  the  Method  1  Standards  are 
described  in  the  Background  Documentation  for  the  Development  of  the  MCP  Numerical 
Standards  (April  1994). 

As  described  in  Section  7.0  of  this  document,  a  Method  3  risk  characterization  employs  site- 
specific  exposure  assiunptions  to  characterize  potential  risks  posed  by  contamination  at  a 
disposal  site. 

Thus,  Method  1  and  Method  3  represent  the  extremes  on  the  generic/site-specific 
continuimi. 

Risk  characterization  Method  2  is  a  mixture  of  those  two  methods.  Method  2  allows  for 
limited  modification  of  the  generic  Method  1  standards  based  upon  site-specific  information. 
The  Method  2  approach  provides  some  flexibihty  over  the  strict  use  of  Method  1  Standards, 
but  since  the  modifications  allowed  imder  Method  2  are  focused  on  certain  aspects  of  the 
standards,  Method  2  results  are  not  as  site-specific  as  those  obtained  using  Method  3.  The 
Method  2  approach  can  be  used  to  either  supplement  and/or  modify  the  Method  1  standards 
in  the  following  ways: 

•  Method  2  can  be  used  to  fill  in  data  gaps  by  creating  a  Method  1  Standard  where  one 
does  not  presently  exist.  Method  1  standards  were  developed  for  107  chemicals  or  groups 
of  chemicals  commonly  reported  at  C.21E  disposal  sites.  It  is  inevitable  that  many  sites 
will  have  chemicals  in  the  soil  and  groundwater  for  which  Method  1  standards  were  not 
promulgated.  Method  2  may  be  used  to  generate  standards  which  are  the  equivalent  of 
the  MCP  Method  1  values. 

•  Method  2  can  also  be  used  to  incorporate  site-specific  fate  and  transport  information  to 
modify  the  existing  Method  1  Standard.  The  Method  1  standards  consider  the  potential 
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for  chemicals  to  leach  from  the  soil  to  groundwater,  the  potential  for  chemicals  in 
groundwater  to  migrate  to  indoor  air,  and  the  potential  for  chemicals  to  discharge  from 
the  groundwater  to  surface  water.  These  migration  pathways  may  be  examined  under 
Method  2  using  site-specific  measurements  and/or  models  to  identify  site-specific  cleanup 
goals. 

Note  that  the  risk  assessor  may  both  develop  a  new  standard  for  a  chemical  lacking  a 
Method  1  standard  and  adjust  the  fate  and  transport  aspects  of  that  new  standard  to  address 
site-specific  conditions. 

Whether  the  Method  2  standards  are  created  de  novo  or  represent  modifications  of  existing 
Method  1  values,  the  process  of  risk  characterization  under  Method  2  is  similar  to  that  of 
Method  1:  site  Exposure  Point  Concentrations  are  compared  to  the  identified  standards. 
If  the  site  concentrations  are  equal  to  or  less  than  the  Method  2  standards  then  the  risk 
assessor  may  conclude  that  a  condition  of  No  Significant  Risk  of  harm  to  pubUc  health, 
welfare  and  the  environment  exists  or  has  been  achieved. 


6.1       APPUCABILITY  OF  METHOD  2 

The  appHcabihty  of  Method  2  is  similar  to  that  of  Method  1,  as  noted  at  310  CMR  40.0942(2), 
as  both  approaches  rely  upon  the  use  of  chemical-specific  standards  in  soil  and  groundwater. 
The  reader  is  referred  to  Sections  5.1  and  3.3  of  this  document  which  describe  the 
apphcabihty  of  Method  1  and  the  restrictions  on  the  use  of  Method  2,  respectively. 

When  determining  whether  Method  2  can  be  used  to  characterize  the  risk  of  harm  to  public 
health,  welfare  and  the  environment,  the  risk  assessor  should  scrutinize  both  the  inclusive 
and  the  exclusive  criteria  foimd  at  310  CMR  40.0942.  At  certain  sites  the  risk  assessor  will 
use  a  combination  of  Method  1  standards  and  standards  derived  using  Method  2,  at  some 
sites  the  risk  assessor  may  have  to  supplement  the  Method  2  risk  characterization  with  some 
form  of  a  Method  3  assessment,  while  at  other  sites  Method  2  will  not  be  an  available  option. 
The  documentation  of  the  risk  characterization  should  affirm  and  document  the  apphcabihty 
of  Method  2  to  the  disposal  site. 

A  Method  2  Risk  Characterization  should  always  be  conducted  in  combination  with  a  separate 
characterization  of  the  risk  of  harm  to  safety  posed  by  the  contaminant  conditions,  as 
described  in  the  MCP  at  310  CMR  40.0960. 

The  detailed  discussion  in  Section  5.0  of  soil  and  groundwater  categorization,  identification 
of  exposure  points,  determination  of  exposure  point  concentrations,  and  risk  characterization 
apply  to  Method  2  as  well  as  Method  1,  and  will  not  be  repeated  in  this  section.     The 
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remainder  of  this  section  focuses  on  the  differences  between  Method  1  and  Method  2,  which 
are  related  to  the  derivation  and  values  of  the  standards  used  to  characterize  risk. 


6.2       DERIVATION  OF  ADDITIONAL  METHOD  1  STANDARDS 

Method  1  Standards  have  been  developed  by  MADEP  for  one  hundred  and  six  chemicals  or 
groups  of  chemicals.  These  chemicals  were  targeted  as  being  those  most  commonly 
encountered  at  disposal  sites.  When  other  chemicals  are  encountered  at  a  disposal  site, 
which  are  not  included  in  this  group,  standards  may  be  developed  using  Method  2.  The 
procedures  to  be  followed  in  developing  groundwater  standards  are  described  in  the  MCP  at 
310  CMR  40.0983  (for  groundwater)  and  40.0984  (for  soil). 

The  process  and  equations  described  under  Method  2  mirror  the  methodology  used  to 
develop  the  MCP  Method  1  standards  in  order  that  the  numbers  generated  by  the  risk 
assessor  in  Method  2  be  consistent  and  comparable  to  those  developed  by  MADEP.  In  other 
words,  the  goal  of  this  Method  2  approach  is  to  develop  a  standard  identical  to  what  the 
Department  would  have  derived  if  it  had  chosen  to  develop  standards  for  that  chemical.  The 
Background  Documentation  for  the  Development  of  the  MCP  Numerical  Standards  (April 
1994)  provides  additional  detail  and  discussion  of  the  methodology  for  developing 
groundwater  and  soil  standards  (Sections  4.0  and  5.0,  respectively,  in  that  document). 


Note  that  the  equations  and  exposure  assumptions 

to  be  used  in  deriving  additional  standards  under 

Method  2  are  contained  in  promulgated 

regulations  (310  CMR  40.0983  and  310  CMR 

40.0984)  and  cannot  be  changed  by  the  risk 

assessor. 


When  additional  standards  are  developed  by  the  risk  assessor  imder  Method  2  each  step 
taken  should  be  clearly  identified  and  described.  All  sources  utiUzed  for  the  development 
of  the  standard  should  be  referenced. 


6.3       MODIFICATION  OF  EXISTING  METHOD  1  STANDARDS 

In  developing  the  Method  1  soil  and  groundwater  standards,  MADEP  made  many  health- 
protective  assiunptions  about  potential  exposures  and  the  movement  of  contaminants  to 
ensinre  that  the  standards  represent  a  level  of  No  Significant  Risk  at  virtually  all  disposal 
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are  built  into  the  categorization  criteria.  It  is  only  for  the  GW-2  category  that  future 
changes  in  the  use  of  the  property  could  effect  the  groimdwater  category  (i.e.,  constructing 
a  building  where  there  is  presently  no  structure.) 

All  soil  and  groimdwater  must  be  categorized.  There  is  no  soil  or  groundwater  which  does 
not  fit  into  one  of  the  estabhshed  categories. 


5.7       IDENTIFICATION      OF      APPLICABLE 
GROUNDWATER  STANDARDS 


METHOD      1      SOIL     AND 


The  categorization  process  simmiarized  above  is  the  basis  for  selecting  the  applicable  soil  and 
groundwater  standards  imder  Method  1.  The  regulations  pertinent  to  the  appUcabiUty  of 
those  standards  are  found  at  310  CMR  40.0974  and  310  CMR  40.0975,  for  groundwater  and 
soil,  respectively. 

The  Department  has  pubUshed  (MADEP,  1994)  a  detailed  description  of  the  development  of 
the  MOP  Method  1  Standards. 

The  documentation  which  supports  the  risk  characterization  should  include  a  hst  of  the  MOP 
Method  1  groundwater  and  soil  standards  determined  to  be  appUcable  for  the  site 
(310  CMR  40.0973(5). 

5.7.1     Groundwater 

The  Method  1  groimdwater  standards  are  Usted  at  310  CMR  40.0974(2),  in  Table  1  of 
Subpart  I.  A  portion  of  that  table  is  presented  as  Figure  5-2  for  illustration  purposes. 
The  table  of  groundwater  standards  consists  of  five  columns: 


the  name  of  the  oil  or  hazardous  material, 

the  CAS  number  of  the  oil  or  hazardous  material, 

the  GW-1  standard  for  the  oil  or  hazardous  material, 

the  GW-2  standard  for  the  oil  or  hazardous  material,  and 

the  GW-3  standard  for  the  oil  or  hazardous  material. 


As  previously  described,  more  than  one  groundwater  category  can  apply  to  the 
groundwater  at  a  site,  and  all  groundwater  is  considered  to  be  GW-3.  Thus  the  standards 
hsted  in  the  last  column  (GW-3  Standard)  of  Table  1  (Figure  5-2)  apply  to  the 
groimdwater  at  all  sites.  In  addition,  the  standards  hsted  in  column  three  (GW-1 
Standard)  and  column  four  (GW-2  Standard)  may  also  be  appUcable,  depending  upon  site- 
specific  factors.    In  the  case  when  more  than  one  category  applies,  for  example,  if  the 
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groundwater  at  a  site  is  GW-1,  GW-2  and  GW-3,  then  all  the  appUcable  standards  must 
be  considered,  and  the  lowest  applicable  value  would  drive  the  risk  characterization. 


It  is  not  true  that  GW-1  standards  are  always  the  lowest  groundwater 

standards. 

Because  the  groundwater  categories  look  at  markedly  different  exposure 
routes,  any  of  the  three  categories  may  be  the  most  sensitive,  depending 
upon  the  chemical.  In  general,  GW-3  is  the  most  stringent  category  for 
pesticides  and  some  metals,  while  the  GW-2  standards  may  be  lowest  for 

some  halogenated  volatile   chemicals. 


FIGURE  5-2 

1                                    310  CMR  40.0974(2) 

1 

1                                              TABLE  1 

MCP  Method  1  GROUNDWATER  STANDARDS 

APPLICABLE  IN  AREAS  WHERE  THE  GROUNDWATER 

IS  CONSIDERED  TO  BE  ONE  OR  MORE  OF  THE 

FOLLOWING  CATEGORIES  PER  310  CMR  40.0932 

GW-1 
1                                                                                      Standard 

GW-2 
Standard 

6W-3 
Standard 

CAS           /xg/liter 
OO  and/or  hazardous  Material     Number          (ppb) 

/ig/Uter 
(ppb) 

/tg/litcr 
(ppb) 

ACENAPHTHENE                            83329 
ACENAPHTHYLENE                       208968 
ACETONE                                           67641 
AT-DRIN                                               309002 
ANTHRACENE                                   120127 

20 

300 

3,000 

0.5 

600 

NA 

NA 
50,000 
0.5 

NA 

2,000 

2,000 

50,000 

9 

600 

This  table  is  presented  as  an  example  of  the  format  in  the  regulations, 
actual  table  in  the  regulations  for  current  standards. 

Consult  the 
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5.7.2.   SoU 

The  Method  1  soil  standards  are  listed  at  310  CMR  40.0975(6)  in  the  MCP.  The  soil 
standards  are  organized  in  three  tables  (Subpart  I  Tables  2,  3  and  4),  and  a  portion  of 
each  is  presented  for  illustration  purposes  in  Figures  5-3,  5-4  and  5-5,  respectively.  Each 
table  is  specific  to  a  single  soil  category:  Table  2  contains  all  the  MCP  Method  1 
Category  S-1  standards,  Table  3  contains  all  the  Method  1  Category  S-2  standards,  and 
Table  4  contains  all  the  Method  1  Category  S-3  standards.  Each  table  is  made  up  of  5 
columns: 

•  the  name  of  the  oil  or  hazardous  material, 

•  the  CAS  number  of  the  oil  or  hazardous  material, 

•  the  soil  standard  for  soil  overlying  a  GW-1  aquifer, 

•  the  soil  standard  for  soil  overlying  a  GW-2  aquifer, 

•  the  soil  standard  for  soil  overl3ang  a  GW-3  aquifer. 


Figure  5-3 


310  CMR  40.0975(6)(a) 

TABLE  2 

MCP  Method  1:   SOIL  CATEGORY  S-1  STANDARDS 

APPUCABLE  TO  SOIL  WHERE  THE  COMBINATION 
OF  SOIL  &  GROUNDWATER  CATEGORIES  ARE: 


s-1  SOIL     S-1  SOIL 
&  GW-1        &  GW.2 


Oil  and/or  hazardous  Material    CAS  Number 


(ppm) 


(ppm) 


S-1  SOIL 
&GW.3 

Mg/g 
(ppm) 


ACENAPHTHENE 

ACENAPHTHYLENE 

ACETONE 

ALDRIN 

ANTHRACENE 


83329 

208968 

67641 

309002 

120127 


This  table  is  presented  as  an  example  of  the  format  in  the  regulations.   Consult  the 
actual  table  in  the  regulations  for  current  standards. 


The  soil  standards  were  derived  in  consideration  of  potential  direct  contact  exposures 
(incidental  soil  ingestion  and  dermal  contact)  and  considering  the  potential  for  the  oil  or 
hazardous  material  to  leach  from  the  soil  and  contaminate  the  underlying  groundwater. 
Thus  the  allowable  level  of  a  chemical  in  soil  depends,  in  part,  upon  the  allowable  level 
of  the  chemical  in  the  groundwater.  If  the  groundwater  at  the  site  is  determined  to  be 
in  more  than  one  groimdwater  category  (e.g.,  both  GW-2  and  GW-3)  then  more  than  one 
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soil  standard  will  apply  (e.g.,  both  S-l/GW-2  and  S-l/GW-3)  and  the  lowest  of  the 
apphcable  standards  will  drive  the  risk  characterization. 


Figure  5-4 


1                                     310  CMR  40.0975(6)0)) 

TART.E  3 
MCP  Method  1;   SOIL  CATEGORY  S-2  STANDARDS 

APPLICABLE  TO  SOIL  WHERE  THE  COMBINATION 
OF  SOIL  &  GROUNDWATER  CATEGORIES  ARE: 

s-2  SOIL     S-2  SOIL      S-2  SOIL 
&  GW-1        &  GW.2         ib  6W-3 

Mg/g               Mg/g               i^ZlZ 
Oil  and/or  hazardous  Material    CAS  Number       (ppm)          (ppm)           (ppm) 

ACENAPHTHENE                             83329 
ACENAPHTHYT.KNE                        208968 
ACETONE                                          67641 
AT.DRIN                                              309002 
ANTHRACENE                                 120127 

20             2,500             2,000          | 
100             2,500                800          K 
3                  60                  60 
0.04               0.04                0.04 
1,000             2,500              1,000 

This  table  is  Dresented  as  an  example  of  the  format  in  the  regrulations.   Consult  the 
actual  table  in  the  regulations  for  current  standards. 

Figure  5-5 


310  CMR  40.0975(6)(c) 

TABLE  4 

MCP  Method  1:   SOIL  CATEGORY  S-3  STANDARDS 

APPUCABLE  TO  SOIL  WHERE  THE  COMBINATION  OF 
SOIL  &  GROUNDWATER  CATEGORIES  ARE: 


Oil  and/or  hazardous  Material    CAS  Number 


S-3  SOIL 
&GW-1 

Mg/g 
(ppm) 


S-3  SOIL 
&6W-2 

Mg/g 
(ppm) 


S-3  SOIL 
&GW-3 

Mg/g 
(ppm) 


ACENAPHTHENE 

ACENAPHTHYLENE 

ACETONE 

ALDRIN 
ANTHRACENE 


83329 

208968 

67641 

309002 

120127 


This  table  is  presented  as  an  example  of  the  format  in  the  regulations.   Consult  the 
actual  table  in  the  regulations  for  CTorrent  standards. 


Guidance  for  Disposal  Site 
Risk  Characterization 


Interim  Final  Policy  WSC/OKS-95-14I 
MassachusetU  DEP.  J^y  19»5 


5-11 


Interestingly,  the  leaching-to-groundwater  pathway  is  often  more  sensitive  (produces  a 
lower  allowable  soil  concentration)  than  the  direct  contact  exposure  pathway.  As  a  result, 
many  of  the  standards  for  S-1,  S-2  and  S-3  soil  overlying  a  particular  groundwater 
category  will  be  the  same  value:  for  example  the  S-l/GW-1,  S-2/GW-1  and  S-3/GW-1 
standards  for  acetone  in  the  tables  above  are  all  3  Mg/g-  Thus,  while  one  would  expect 
the  allowable  acetone  soil  concentration  to  increase  as  the  soil  category  increases  (S-1  soil 
to  S-3  soil,  or  high  to  low  exposure  potential),  this  does  not  occiu*. 


5.8       roENTIFICATION    OF    EXPOSURE    POINTS    AND    EXPOSURE    POINT 
CONCENTRATIONS  (Including  Hot  Spots) 

The  regulations  which  address  the  identification  of  exposure  points  and  the  development  of 
exposure  point  concentrations  for  Method  1  risk  characterizations  are  foiuid  at 
310  CMR  40.0973(3)  and  (4).  More  general  discussion  of  these  terms  appears  at  310  CMR 
40.0924  and  40.0926. 

5.8.1.  Groundwater 

For  groundwater,  the  MOP  defines  the  exposure  point  to  be  used  for  a  Method  1  risk 
characterization  as  "...the  wellhead  and/or  nearest  tap  of  a  well  screened  within  the 
horizontal  and  vertical  distribution  of  the  oil  or  hazardous  material  in  the  groundwater. 
Existing  water  supply  wells  and  monitoring  wells  shall  be  considered  current  or  potential 
Exposure  Points..."  (310  CMR  40.0973(3)(a)).  Thus  each  well  located  within  the 
contaminated  area  is  considered  either  a  current  or  future  exposure  point. 

The  exposure  point  concentrations  for  groundwater  are  thus  easily  identified  as  the 
concentrations  reported  from  each  water  supply  or  monitoring  well,  as  described  in 
310  CMR  40.0973(4)(b).  Limited  averaging  over  time  of  these  reported  concentrations 
would  be  consistent  with  the  statement  at  310  CMR  40.0926  that  exposure  point 
concentrations  shall  be  arithmetic  averages  providing  a  conservative  estimate  of  the 
concentration  at  the  exposure  point,  although  averaging  of  data  across  wells  (across 
exposure  points)  is  not  acceptable  for  Method  1.  The  quahty  of  data  collected  in  the  past 
and  trends  in  the  data  should  be  assessed  to  determine  whether  a  temporal  average  is 
appropriate  to  yield  a  conservative  estimate.  There  are,  of  course,  situations  when  the 
maximum  concentration  reported  (or  an  upper  percentile)  is  appropriate,  including  the 
evaluation  of  acute  exposures,  the  evaluation  of  chemicals  associated  with  lethal  or  severe 
health  effects,  evaluations  performed  with  insufficient  data,  or  conservative  screening 
assessments. 
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5.8.2    Soil 

In  the  MCP  the  exposure  points  for  soil  are  defined  by  "the  vertical  and  horizontal 
distribution  of  the  material  in  soil  in  combination  with  the  soil  category (ies)  determined 
to  be  applicable"  (310  CMR  40.0973(3)(b)).  Thus,  in  order  to  identify  the  soil  exposure 
points  for  a  Method  1  risk  characterization  the  investigator  must  know  the  extent  of 
contamination  and  how  the  soil  would  be  categorized  at  the  site.  Figures  5-5  through  5- 
10  describe  situations  which  may  arise  when  identifying  soil  exposure  points. 


Figure  5-6 


Tha  Expoaur*  Point  Would  Includo  Only  Tb* 
ConUmlnaUd  Soil 


First,  Method  1  soil  Exposure  Points 
encompass  only  continuous  areas  of 
contaminated  soil  and  do  not  include  clean 
soil.  Thus,  the  boundary  of  an  Expos\u-e 
Point  is  no  larger  than  the  extent  of  the 
soil  contamination  at  the  site.  Figure  5-6 
illustrates  that  only  the  area  of 
contamination  would  be  considered  the  soil 
Exposure  Point. 


Second,  hot  spots  are  specifically  identified  (310  CMR  40.0924(2))  as  distinct  exposure 
points.  The  identification  of  a  "hot  spot"  is  discussed  in  more  detail  in  Section  2.2.3  of 
this  dociunent,  but  is  defined  within  the  MCP  as  a  discrete  area  with  substantially  higher 
contamination  relative  to  the  siu*rounding  area.  Thus,  if  a  hot  spot  exists  with  a  larger 
area  of  contamination,  there  would  be  at  least  two  Exposure  Points  identified:  the  hot 
spot  and  the  area  of  more  generahzed  contamination.  Figiu-e  5-7  illustrates  a  hot  spot 
as  a  distinct  exposure  point. 


Third,  if  the  area  of  contaminated  soil  is  not  contiguous,  then  the  discrete  areas  of 
contaminated  soil  which  exist  at  the  site  are  treated  as  a  separate  Exposiu-e  Point. 
Figure  5-8  illustrates  this  point. 


Finally,  if  the  boundary  of  a  soil 
category  bisects  the  contaminated  area, 
then  the  soil  which  falls  within  each  soil 
category  is  treated  as  separate  Exposure 
Points.  Figure  5-9  Illustrates  how  this 
may  occur. 


Figure  5-7 


A  Hot  Spot  WKhln  An  Atm  Of  Contominatad  SoH  te 
Traatad  Aa  A  Dlatlnd  Expoaura  Point 


It  is  also  important  to  remember  that 
the  exposure  points  exist  in  three 
dimensions.  Figures  5-6  through  5-9 
present  exposure  points  in  two  dimensions  for  clarity,  but  there  is  a  depth  component 
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Figure  5-9 

as  well,  which  is  why  the  term  "volume" 

is  used  in  the  MCP  in  the  discussion  of 

Method      1      exposure      points 

(310  CMR  40.0973(3)0))).  Thus,     a 

volume  of  contaminated  soil  five  feet 

below  groiuid  would  be   considered  a 

Method    1   Exposure   Point,   and   that 

Exposure  Point  would  not  include  the 

uncontaminated  soil  on  the  surface  (See 

Figure  5-10).     Multiple  soil  categories, 

hot  spots  and  disconnected  contamination  would  be  considered  in  the  same  manner  in 

three  dimensions  as  they  were  described  above. 


A  ConlifluoiM  VolunM  Of  ContamlnatMi  Soil  WNeta 

Spam  IWo  Soil  Catogortoo  l«  Itfoatod  As  IWo  DtaMnct 

Expowjro  Points 


Figure  5-8 


ATMS  Of  ConUmlnstod  Sol  Would  Bs  TVostsd  As 
1\m>  Ssparals  Exposura  Points 


Soil  at  depth  is  considered  an  Exposure 
Point  imder  Method  1  due  to  the  potential 
for  future  excavation  and  contact.  Since 
such  potential  future  exposures  are  part  of 
the  basic  premise  of  Method  1 
(310  CMR  40.0972),  the  risk  assessor  cannot 
eliminate  this  exposure  pathway  (determine 
that  such  exposure  would  never  occur,  and 
that  the  soil  at  depth  does  not  constitute  an 
Exposure  Point)  when  using  Method  1  to 
characterize  risk,  although  such  site-specific 
risk  assessment  may  be  appropriate  under 
a  Method  3  assessment. 


Surtacs 


CiMMiSoll 


Figure  5-10 

The  exposure  point  concentrations  for  soil 

are  representative  concentrations  for  the  oil 

or  hazardous  material  within  each  exposure 

point.        Typically    the    Exposure    Point 

Concentration    would    be    the    arithmetic 

average  of  the  contaminant  concentration, 

although  consideration  should  be  given  to 

using  the  maximum  concentration  reported 

or  an  upper   percentile   of  the   range   of 

concentrations  reported  when  the  site  data  may  not  be  adequate,  when  evaluating  acute 

exposures,  when  evaluating  chemicals  associated  with  lethal  or  severe  health  effects  or 

when  performing  screening  assessments  (310  CMR  40.0926(3)).     Since  the  Method  1 

exposure  point  is  defined  such  that  it  excludes  uncontaminated  soil,  analytical  results 


A  VohMM  of  Sol  Bstow  tiM  Surfacs  la  Also 
ConsMarsd  a  Hathod  i  Espoaura  PeM 
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from  "clean"  areas  of  the  site  should  not  be  incorporated  into  the  exposure  point 
concentration. 


5.9       CHARACTERIZING  RISK  UNDER  METHOD  I 

Having  identified  the  Method  1  standards  appUcable  to  the  site  (Section  5.7)  and  the  site 
Exposure  Points  and  Exposure  Point  Concentrations  (Section  5.8),  the  risk  characterization 
is  simply  the  comparison  of  the  exposiu-e  point  concentrations  to  the  apphcable  Method  1 
standards.  As  described  in  the  MCP  (310  CMR  40.0973(7)),  "a  condition  of  no  significant  risk 
of  harm  to  health,  public  welfare  or  the  environment  exists  if  no  Exposure  Point  Concentration 
is  greater  than  the  applicable  MCP  Method  1  Soil  or  Groundwater  Standard".  The  report 
which  docxmients  the  risk  characterization  should  include  tables  ordered  by  environmental 
medium  and  exposure  point  comparing  the  exposiu-e  point  concentrations  to  the  applicable 
MCP  Method  1  standards.   An  example  of  such  a  table  is  presented  in  Figure  5-11. 

5.9.1    Characterizing  Risks  Using  TPH  Data 

Using  the  Method  1  Standard  for  Total  Petroleum  Hydrocarbon 

Total  Petroleum  Hydrocarbon,  or  TPH,  is  one  of  the  one  hundred  and  seven  chemicals 
(or  groups  of  chemicals)  for  which  MADEP  has  developed  Method  1  Standards.  TPH  is 
a  loosely  defined  parameter  which  provides  an  estimate  of  the  total  concentration  of 
petroleum  hydrocarbons  in  a  sample.  MADEP  receives  many  questions  from  risk 
assessors  and  site  managers  regarding  appropriate  use  of  the  Method  1  TPH  Standard. 
This  section  is  written  to  provide  additional  guidance  on  using  the  Method  1  Standard 
to  evaluate  releases  of  petroleum  hydrocarbons. 

What  is  the  meaning  of  the  footnote  associated  with  the  Method  1  TPH  Standard? 

The  Method  1  Standards  for  TPH  (contained  in  Tables  1-5  of  Subpart  I  in  the  MCP)  are 
marked  with  a  footnote  which  reads: 

Total  Petroleum  Hydrocarbon  as  measiired  tising  standard  analytical  methods  or  methods  which  provide 
toxicity-wei^^ted  concentrations,  such  as  the  MADEP  TPH  approach.  This  standard  does  not  address  and 
is  not  s\i£&cient  to  evaluate  specific  chemicals  which  may  be  present  in  some  petroleum  products  and  which 
have  promulgated  MCP  standards  (such  as  benzene,  toluene,  ethylbenzene,  xylenes  and  polycyclic  aromatic 
hydrocarbons  (PAHs). 

The  Department  has  promulgated  Method  1  standards  for  TPH  to  make  it  possible  to 
more  easily  address,  in  a  quantitative  manner,  the  bulk  of  compounds  in  petroleum 
products  which  are  difficult  to  identify  and  evaluate  and  which  in  the  past,  were  largely 
ignored  in  risk  assessments.    In  deciding  to  develop  a  TPH  standard,  the  Department 
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recognized  that  there  are  difficulties  associated  with  quantitatively  evaluating  the  many 
chemicals  present  in  petroleum  products.  The  Department  also  recognized  that  there 
are  risks  associated  with  exposure  to  these  compounds  and  they  should  not  be  ignored 
in  the  risk  assessment.  Thus,  the  TPH  standard  was  developed  to  allow  evaluation  of  the 
mass  of  compounds  in  petroleum  products  which  typical  anal3rtical  methods  cannot 
quantify  and  for  which  good  toxicity  information  does  not  exist. 


EXAMPLES  OF 

COMPOUNDS  NOT 

COVERED  BY  THE  TPH 

STANDARD 

Benzene 

Toluene 

Ethylbenzene 

MTBE 

Xylenes 

Polycyclic  Aromatic 

Hydrocarbons 


Contrary  to  what  its  name  suggests,  the  Method  1 

TPH  standard  was  developed  without  considering 

all  of  the  compoimds  that  may  be  present  in 

petroleum  products.    In  other  words,  the  Method 

1  TPH  Standard  is  not,  by  itself,  sufficient  to 

evaluate  the  total  number  of  compounds  which 

may  be  present  in  a  petroleum  product.  The  TPH 

standard  does  not  address  and  is  not  sufficient  to 

evaluate   all   of  the   compounds  which   may  be 

present    in    a    petroleum    product    because    in 

developing  the  TPH  standard,  the   Department 

intentionally  did  not  consider  the  toxicity  of  a 

number  of  compounds  which  are  often  present  in 

petroleum    products.        Specifically,    the    TPH 

standard  does  not  incorporate  common  constituents  of  TPH  which  can  be  identified  and 

quantified  easily  and  constituents  for  which  good  toxicity  information  exists.  In  addition, 

the  Department  did  not  include  additives  that  may  be  present  in  some  petroleum 

products.    Examples  of  compounds  which  are  commonly  present  in  petroleum  products 

whose  toxicities  were  not  considered  in  developing  the  TPH  standard  are  provided  in  the 

accompanying  box.  It  should  be  clear  that  since  the  toxicity  of  these  compounds  was  not 

considered  in  developing  the  TPH  standard,  these  compounds  must  be  evaluated 

separately  from  TPH  in  the  risk  assessment.    In  other  words,  comparison  of  site  levels 

of  TPH  with  the  Method  1  standard  for  TPH  does  not  eliminate  the  need  to  compare 

concentrations  of  other  petroleum  product  constituents  with  their  respective  Method  1 

standards. 


/  want  to  be  able  to  use  the  TPH  standard,  what  analytical  method(s)  should  I  use  to 
investigate  the  site? 

The  MCP  does  not  recommend  specific  analytical  methods  to  be  used  for  TPH  (or  for  any 
other  oil  or  hazardous  material).  Rather,  the  MCP  rehes  on  the  use  of  professional 
judgement  in  selecting  the  analytical  method  most  appropriate  for  a  specific  purpose. 
The  first  step  is  to  determine  the  petroleum  product(s)  which  may  have  been  released 
at  the  site.  MADEP  recognizes  that  is  often  difficult,  especially  when  the  release 
occurred  in  the  past.     The  site  manager  should  use  available  historical  records,  site 
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observations,  screening  analyses,  and  any  other  relevant  information  in  combination  with 
professional  judgement  to  identify  the  petroleum  product(s)  which  may  have  been 
released  at  a  site.  Once  the  likely  petroleum  product(s)  have  been  identified,  the  site 
manager  can  then  select  appropriate  analytical  methods. 

It  should  be  stressed  that  if  one  wants  to  use  the  Method  1  TPH  standard,  one  will  likely 
need  more  than  just  a  TPH  analysis  to  evaluate  the  petroleum  hydrocarbons.  Selecting 
an  analytical  method  and  selecting  petroleum  hydrocarbon  compounds  to  analyze  for 
should  be  done  considering  type  of  petroleum  product  that  was  released.  If  the  site 
manager  suspects  that  the  petroleum  product  contained  benzene,  toluene,  ethylbenzene, 
xylenes  (BTEX)  or  PAHs,  such  compounds  must  be  specifically  analyzed  for.  For 
example,  if  the  release  of  interest  is  gasoline  from  an  old  underground  storage  tank,  the 
analyses  should  certainly  include  BTEX  and  TPH.  The  site  manager  should  also  consider 
analyzing  for  gasoline  additives  such  as  lead  and  MTBE.  Site  managers  should  refer  to 
the  MADEP  Policy  for  the  Investigation,  Assessment,  and  Remediation  of  Petroleum 
Releases  (1991)  and  the  MADEP  Interim  Final  Petroleum  Report:  Development  of  Health- 
Based  Alternative  to  the  TPH  Parameter  (1994)  for  information  which  may  be  helpful  in 
identifying  the  chemicals  which  are  may  be  associated  with  various  petroleum  products. 

When  is  development  of  a  Method  2  standard  needed? 

MADEP  receives  many  questions  regarding  whether  it  is  necessary  to  develop  Method 
2  Standards  for  specific  petroleum  hydrocarbons  that  a  laboratory  may  report  along  with 
the  TPH  results.  When  performing  TPH  analyses,  many  laboratories  also  identify  and 
quantify  chemicals  such  as  trimethylbenzenes,  trichloropropane,  4-isopropyltoluene  and 
isopropyl  benzene.  MADEP  receives  many  questions  regarding  whether  it  is  necessary 
to  develop  Method  2  standards  for  such  chemicals  or  whether  it  is  appropriate  to  simply 
compare  site  concentrations  of  TPH  with  the  TPH  standard.  It  is  MADEP's  view  that 
if  the  mass  of  a  chemical  reported  by  a  laboratory  is  included  in  the  mass  being  reported 
in  the  TPH  value,  then  the  TPH  standard  is  applicable  and  a  separate  Method  2  standard 
need  not  be  developed. 

However,  recall  that  concentrations  of  BTEX  and  PAHs  must  be  compared  with  their 
respective  Method  1  standards,  regardless  of  whether  their  mass  is  included  in  the 
mass  being  reported  in  the  TPH  analysis.  This  is  because  the  toxicities  of  BTEX  and 
PAHs  were  not  considered  by  MADEP  in  the  development  of  the  TPH  standard. 

If  I  have  only  TPH  results,  is  that  enough? 

In  general,  TPH  alone  will  often  not  provide  sufficient  information  to  evaluate  risks  from 
petroleum  hydrocarbons.   Depending  on  the  type  of  petroleum  product  released,  it  may 
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be  necessary  to  analyze  for  the  additional  constituents  whose  toxicities  were  not 
considered  in  developing  the  Method  1  Standard  for  TPH  (i.e.  BTEX  and  PAHs). 


5.10     CHARACTERIZING  SAFETY  RISKS 

The  Method  1  risk  characterization  process  does  not  specifically  look  at  potential  safely  risks 
posed  by  the  site,  as  safety  is  a  concept  which  is  difQcult  to  distill  down  to  a  set  of  generic 
standards.  As  a  result,  the  MCP  requires  that  the  risk  of  harm  to  safety  be  evaluated 
separately  at  all  disposal  sites:  the  same  safety  evaluation  will  occiu-  whether  a  Method  1, 
Method  2  or  Method  3  risk  characterization  is  being  performed.  Section  4.0  of  this  guidance 
document  discusses  the  MCP  requirements  (310  CMR  40.0960)  for  the  evaluation  of  safety 
concerns.  The  characterization  of  site  safety  risk  would  be  included  as  part  of  the  overall 
documentation  of  the  risk  characterization. 


5. 1 1     DRAWING  CONCLUSIONS  FROM  A  METHOD  1  RISK  CHARACTERIZATION 

The  overall  purpose  of  the  risk  characterization  is  to  determine  whether  or  not  the  site 
poses  no  significant  risk  of  harm  to  health,  safety,  pubUc  welfare  or  the  environment,  and 
a  clear  statement  of  the  results  is  required  (310  CMR  40.0973(8))  in  the  documentation  of 
the  Method  1  risk  characterization. 

Sites  where  all  exposure  point  concentrations  fall  below  the  apphcable  Method  1  standards 
(and  where  there  is  no  risk  to  safety)  require  no  further  remedial  response  action  to  achieve 
a  condition  of  No  Significant  Risk,  and  those  sites  may  be  ehgible  for  a  Class  A  or  Class  B 
Response  Action  Outcome  (RAO)  pursuant  to  Subpart  J  of  the  MCP.  It  is  important  to 
remember  that  achieving  a  condition  of  No  Significant  Risk  is  not  the  only  requirement  for 
an  RAO:  the  regulations  apropos  Response  Action  Outcomes  contain  additional  requirements 
for  the  elimination  of  continuing  sources  of  oil  or  hazardous  material  (310  CMR  40.1003(5)), 
for  implementing  Activity  and  Use  Limitations  (310  CMR  40.1012)  and  for  achieving 
background  conditions  (310  CMR  40.1020).  The  No  Significant  Risk  standard  should  be 
thought  of  a  minimum  requirement,  but  it  is  not  the  only  requirement  governing  site 
cleanup. 
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Figure  5-11 


COMPARISON  TO  APPUCABLE  MCP  METHOD  1  SOIL  STANDARDS 

MCP  Method  1  Soil 

1 

Category  and 

Applicable 

Standard 

Elxposure  Point 

Standard 

Check  if 

Oil  or  Hazardous 

Concentration 

SoU 

Standard 

EXPOSURE  POINT 

Material 

mg/kg 

Category(ies) 

mg/kg 

Exceeded 

#1  -  Stirface  soil  in  yard  at 

Acenaphthene 

60 

S-l/GW-1 

20 

• 

10  Dovming  Street 

S-l/GW-3 

1,000 

(see  attached  map) 

Acetone 

0.5 

S-1  GW-1 
S-1  GW-3 

3 
60 

Aldrin 

10 

S-l/GW-1 

0.03 

• 

S-l/GW-3 

0.03 

• 

#2  -  Soil  from  4'  to  10', 

Acenaphthene 

10 

S-2/GW-1 

20 

beneath  pavement  at  10 

S-2/GW-3 

2,000 

Downiiig  Street 

(See  attached  map) 

Acetone 

ND 

S-2/GW-1 
S-2/GW-3 

3 
60 

Aldrin 

0.02 

S-2/GW-1 

0.04 

S-2/GW-3 

0.04 

^= 

COMPARISON  TO  APPLICABLE  MCP  MKl'HOD  1  GROUNDWATER  STANDARDS 

^=^:^== 

MCP  Method  1 

Groundwater  Category 

and  Applicable  Standard 

Exposure  Point 

Oil  or  Hazardous 
Material 

Exposure  Point 
Concentration 

Mg/L 

Groundwater 

Category(ies) 

Standard 

Mg/L 

Check  if 
Standard 
Exceeded 

#1  -  Private  drinking  water 
well  at  10  Downing  Street 

Acenaphthene 

35 

GW-1 
GW-3 

20 

2,000 

• 

Acetone 

700 

GW-l 
GW-3 

3,000 
50,000 

Aldrin 

10 

GW-1 
GW-3 

0.5 

9 

' 

#2  -  Monitoring  Well  at 
downgradient  property  line  at 
10  Downing  Street 

Acenaphthene 
Acetone 

10 

150 

GW-1 
GW-3 

GW-1 
GW-3 

20 

2,000 

3,000 
50,000 

Aldrin 

ND 

GW-1 
GW-3 

0.5 
9 
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One  important  aspect  of  the  MCP  is  that  a  distinction  is  made  between  current  use,  exposure 
and  risk  and  future  use,  exposure  and  risk.  One  possible  outcome  of  a  Method  1  risk 
characterization  is  a  demonstration  that  a  condition  of  No  Significant  Risk  has  been  achieved 
for  cm-rent  (but  not  future)  conditions.  A  Class  C  Response  Action  Outcome  is  possible  for 
such  sites,  as  a  demonstration  that  all  substantial  hazards  have  been  eliminated  (310  CMR 
40.1050)  is  sufiQcient. 

If  one  or  more  Exposure  Point  Concentrations  exceed  an  apphcable  Method  1  standard,  then 
a  condition  of  No  Significant  Risk  has  not  been  achieved,  and  further  response  actions  are 
required,  although  implementing  a  remedial  response  action  is  not  the  only  course  of  action 
available.  A  more  site-specific  risk  characterization  approach  (Method  2  or  Method  3)  m^ 
be  employed  to  evaluate  the  site.  For  some  sites  where  a  Method  1  risk  characterization  has 
indicated  that  a  condition  of  No  Significant  Risk  has  not  been  achieved,  the  site-specific 
approach  might  demonstrate  that,  in  fact,  a  level  of  No  Significant  Risk  does  exist.  (Of 
course  the  more  detailed  evaluation  could  also  reach  the  same  conclusions  as  the  Method  1 
assessment,  but  at  significantly  greater  cost.)  Guidance  for  conducting  such  risk 
characterization  methods  is  contained  in  this  document.  Another  option  available  is  to 
conduct  a  remedial  response  action  designed  to  reduce  the  concentrations  of  oil  or  hazardous 
material  to  levels  below  the  Method  1  standards.  A  third  approach  would  be  to  restrict 
future  site  use  to  those  activities  which  would  be  consistent  with  a  level  of  No  Significant 
Risk.  Under  Method  1,  the  changes  in  site  activities  would  have  to  be  sufficient  to  change 
the  soil  or  groundwater  category  and  thus  the  apphcable  standards.  Such  hmitation  on  site 
use  would  also  require  the  application  of  Activity  and  Use  Limitations  (AULs).  The  response 
action  chosen  for  a  site  may  also  be  a  combination  of  the  options  described  above,  as  long  as 
the  result  of  the  combined  efforts  is  a  site  which  poses  no  significant  risk  of  harm  to  health, 
safety,  pubUc  welfare  and  the  environment. 


5.12     ACTIVITY  AND  USE  LIMITATIONS 

The  MCP  requires  the  application  of  Activity  and  Use  Limitations  (AULs)  whenever  it  is 
assumed  that  the  future  use  of  the  property  is  not  unrestricted.  The  AULs  are  used  to 
inform  future  owners  of  the  property  of  residual  contamination  and  of  potential  uses  of  the 
property  which  could  be  inconsistent  with  the  Response  Action  Outcome  achieved  for  the 
site. 

AULs  are  specifically  not  required  at  sites  where  the  exposure  point  concentrations  meet  the 
soil  category  S-1  standards  (310  CMR  40.0923(3)(b)2)  or  where  the  levels  of  oil  or  hazardous 
material  are  consistent  with  background.  Such  conditions  are  considered  consistent  with  a 
level  of  No  significant  Risk  for  any  use  of  a  property. 
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Activity  and  Use  Limitations  are  required  whenever  the  condition  of  No  Significant  Risk  has 
been  achieved  through  imphcit  or  expUcit  assumptions  that  the  use  of  the  property  is  such 
that  exposure  to  the  contaminated  soil  or  groundwater  is  hmited.  For  example,  if  the  soil 
is  categorized  as  S-2  because  there  is  currently  asphalt  paving  which  prevents  contact  with 
the  soil,  then  there  is  an  imphcit  assimiption  that  the  asphalt  covering  will  be  maintained 
into  the  future.  If  soil  is  categorized  as  S-3  due  to  its  depth  (greater  than  15  feet),  then 
there  is  an  imphcit  assiunption  that  no  excavation  will  take  place  on  the  property  which  will 
disturb  those  soils.  If  groundwater  is  not  categorized  as  GW-2  because  the  land  is  currently 
vacant,  there  is  an  imphcit  assumption  that  no  building  will  be  constructed  on  the  site  which 
would  result  in  reclassification  of  the  groundwater.  Such  land  use  decisions  may  also  be 
exphcitly  a  part  of  a  comprehensive  remedial  response  action  designed  to  eliminate  or 
minimize  potential  exposures.  All  of  these  land  use  decisions  must  be  conveyed  to  future 
owners  of  the  property  through  Activity  and  Use  Limitations.  The  regulations  specific  to 
AULs  may  be  found  m  the  MCP  at  310  CMR  40.1012  and  40.1070. 

Note  that  soils  which  are  categorized  as  S-2  or  S-3  based  upon  the  current  use  of  the 
property  but  which  meet  the  S-1  standards  for  all  the  oil  or  hazardous  material  present  do 
not  require  AULs  as  that  property  would  be  acceptable  for  unrestricted  use. 

The  documentation  which  supports  the  risk  characterization  must  clearly  state  the  nature 
of  the  land  or  groimdwater  use  restrictions  which  are  incorporated  into  the  risk 
characterization  and  describe  the  Activity  and  Use  Limitations.  The  risk  characterization 
results  are  not  considered  to  be  fmal  until  the  all  required  Activity  and  Use  Limitations  are 
in  place. 


5.13     UNCERTAINTY  ANALYSIS 

The  docimientation  of  the  Method  1  risk  characterization  should  contain  a  discussion  of  the 
possible  sources  of  uncertainty  present  in  the  site  assessment  and  risk  characterization 
process  which  could  have  an  affect  on  the  conclusions  of  the  assessment.  To  the  extent  that 
it  is  known,  the  uncertainty  discussion  should  describe  whether  the  uncertainty  is  due  to  an 
incomplete  knowledge  of  the  site  (e.g.,  the  e.g.,  composite  soil  samples  could  mask  the 
presence  of  a  hot  spot),  incomplete  data  from  the  scientific  hterature  or  other  information 
source  (e.g.,  the  GW-1  designation  for  a  site  may  be  based  upon  an  Interim  Wellhead 
Protection  Area  rather  than  a  mapped  Zone  11,  so  the  true  impact  on  the  pubhc  water  supply 
well  is  unknown)  or  from  the  effects  of  natural,  unquantified  variability  (e.g.,  natiu-al 
fluctuation  of  the  water  table  could  result  in  a  different  depth  to  groundwater).  The 
discussion  should  also  indicate  whether  or  not  the  uncertainty  has  a  biased  impact  on  the 
risk  characterization  results  and,  if  possible,  the  magnitude  of  the  effect. 
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6.0     METHOD  2  MODIFICATIONS 

The  Massachusetts  Contingency  Plan  (MCP)  describes  three  different  methods  for 
characterizing  risk  of  harm  to  pubUc  health,  pubhc  welfare  and  the  environment  at  a  disposal 
site.  This  chapter  provides  guidance  on  conducting  a  Method  2  Risk  Characterization  per 
310  CMR  40.0980. 

As  described  in  Section  5.0  of  this  document,  risk  characterization  Method  1  reUes  upon  the 
use  of  promulgated,  generic  numerical  standards  for  chemicals  in  groundwater  and  soil  to 
characterize  potential  risk.  The  Method  1  Standards  were  developed  by  the  Department 
using  relatively  conservative  (health-protective)  exposure  assumptions  to  describe  potential 
exposures  which  could  occxir  to  soil  and  groundwater.  These  defined  sets  of  such 
assimaptions  (or  ""exposure  scenarios")  are  considered  to  be  conservative  estimates  of  potential 
exposures  at  most  sites.  The  details  of  the  development  of  the  Method  1  Standards  are 
described  in  the  Background  Documentation  for  the  Development  of  the  MCP  Numerical 
Standards  (April  1994). 

As  described  in  Section  7.0  of  this  document,  a  Method  3  risk  characterization  employs  site- 
specific  exposure  assimiptions  to  characterize  potential  risks  posed  by  contamination  at  a 
disposal  site. 

Thus,  Method  1  and  Method  3  represent  the  extremes  on  the  generic/site-specific 
continuum. 

Risk  characterization  Method  2  is  a  mixture  of  those  two  methods.  Method  2  allov^  for 
limited  modification  of  the  generic  Method  1  standards  based  upon  site-specific  information. 
The  Method  2  approach  provides  some  flexibihty  over  the  strict  use  of  Method  1  Standards, 
but  since  the  modifications  allowed  imder  Method  2  are  focused  on  certain  aspects  of  the 
standards.  Method  2  results  are  not  as  site-specific  as  those  obtained  using  Method  3.  The 
Method  2  approach  can  be  used  to  either  supplement  and/or  modify  the  Method  1  standards 
in  the  following  ways: 

•  Method  2  can  be  used  to  fill  in  data  gaps  by  creating  a  Method  1  Standard  where  one 
does  not  presently  exist.  Method  1  standards  were  developed  for  107  chemicals  or  groups 
of  chemicals  commonly  reported  at  c.2lE  disposal  sites.  It  is  inevitable  that  many  sites 
will  have  chemicals  in  the  soil  and  groundwater  for  which  Method  1  standards  were  not 
promulgated.  Method  2  may  be  used  to  generate  standards  which  are  the  equivalent  of 
the  MCP  Method  1  values. 

•  Method  2  can  also  be  used  to  incorporate  site-specific  fate  and  transport  information  to 
modify  the  existing  Method  1  Standard.  The  Method  1  standards  consider  the  potential 
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for  chemicals  to  leach  from  the  soil  to  groundwater,  the  potential  for  chemicals  in 
groundwater  to  migrate  to  indoor  air,  and  the  potential  for  chemicals  to  discharge  from 
the  groundwater  to  surface  water.  These  migration  pathways  may  be  examined  under 
Method  2  using  site-specific  measurements  and/or  models  to  identify  site-specific  cleanup 
goals. 

Note  that  the  risk  assessor  may  both  develop  a  new  standard  for  a  chemical  lacking  a 
Method  1  standard  and  adjust  the  fate  and  transport  aspects  of  that  new  standard  to  address 
site-specific  conditions. 

Whether  the  Method  2  standards  are  created  de  novo  or  represent  modifications  of  existing 
Method  1  values,  the  process  of  risk  characterization  under  Method  2  is  similar  to  that  of 
Method  1:  site  Exposure  Point  Concentrations  are  compared  to  the  identified  standards. 
If  the  site  concentrations  are  equal  to  or  less  than  the  Method  2  standards  then  the  risk 
assessor  may  conclude  that  a  condition  of  No  Significant  Risk  of  harm  to  public  health, 
welfare  and  the  environment  exists  or  has  been  achieved. 


6.1       APPLICABILITY  OF  METHOD  2 

The  apphcability  of  Method  2  is  similar  to  that  of  Method  1,  as  noted  at  310  CMR  40.0942(2), 
as  both  approaches  rely  upon  the  use  of  chemical-specific  standards  in  soil  and  groundwater. 
The  reader  is  referred  to  Sections  5.1  and  3.3  of  this  document  which  describe  the 
apphcabihty  of  Method  1  and  the  restrictions  on  the  use  of  Method  2,  respectively. 

When  determining  whether  Method  2  can  be  used  to  characterize  the  risk  of  harm  to  public 
health,  welfare  and  the  environment,  the  risk  assessor  should  scrutinize  both  the  inclusive 
and  the  exclusive  criteria  found  at  310  CMR  40.0942.  At  certain  sites  the  risk  assessor  will 
use  a  combination  of  Method  1  standards  and  standards  derived  using  Method  2,  at  some 
sites  the  risk  assessor  may  have  to  supplement  the  Method  2  risk  characterization  with  some 
form  of  a  Method  3  assessment,  while  at  other  sites  Method  2  will  not  be  an  available  option. 
The  documentation  of  the  risk  characterization  should  affirm  and  docimient  the  applicabiUty 
of  Method  2  to  the  disposal  site. 

A  Method  2  Risk  Characterization  should  always  be  conducted  in  combination  with  a  separate 
characterization  of  the  risk  of  harm  to  safety  posed  by  the  contaminant  conditions,  as 
described  in  the  MCP  at  310  CMR  40.0960. 

The  detailed  discussion  in  Section  5.0  of  soil  and  groundwater  categorization,  identification 
of  exposure  points,  determination  of  exposure  point  concentrations,  and  risk  characterization 
apply  to  Method  2  as  well  as  Method  1,  and  will  not  be  repeated  in  this  section.     The 
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remainder  of  this  section  focuses  on  the  differences  between  Method  1  and  Method  2,  which 
are  related  to  the  derivation  and  values  of  the  standards  used  to  characterize  risk. 


6.2       DERIVATION  OF  ADDITIONAL  METHOD  1  STANDARDS 

Method  1  Standards  have  been  developed  by  MADEP  for  one  hundred  and  six  chemicals  or 
groups  of  chemicals.  These  chemicals  were  targeted  as  being  those  most  commonly 
encountered  at  disposal  sites.  When  other  chemicals  are  encountered  at  a  disposal  site, 
which  are  not  included  in  this  group,  standards  may  be  developed  using  Method  2.  The 
procedures  to  be  followed  in  developing  groiuidwater  standards  are  described  in  the  MCP  at 
310  CMR  40.0983  (for  groundwater)  and  40.0984  (for  soil). 

The  process  and  equations  described  under  Method  2  mirror  the  methodology  used  to 
develop  the  MCP  Method  1  standards  in  order  that  the  nimabers  generated  by  the  risk 
assessor  in  Method  2  be  consistent  and  comparable  to  those  developed  by  MADEP.  In  other 
words,  the  goal  of  this  Method  2  approach  is  to  develop  a  standard  identical  to  what  the 
Department  would  have  derived  if  it  had  chosen  to  develop  standards  for  that  chemical  The 
Background  Documentation  for  the  Development  of  the  MCP  Numerical  Standards  (April 
1994)  provides  additional  detail  and  discussion  of  the  methodology  for  developing 
groundwater  and  soil  standards  (Sections  4.0  and  5.0,  respectively,  in  that  document). 


Note  that  the  equations  and  exposure  assumptions 

to  be  used  in  deriving  additional  standards  under 

Method  2  are  contained  in  promulgated 

regulations  (310  CMR  40.0983  and  310  CMR 

40.0984)  and  cannot  be  changed  by  the  risk 

assessor. 


When  additional  standards  are  developed  by  the  risk  assessor  under  Method  2  each  step 
taken  should  be  clearly  identified  and  described.  All  sources  utilized  for  the  development 
of  the  standard  should  be  referenced. 


6.3       MODIFICATION  OF  EXISTING  METHOD  1  STANDARDS 

In  developing  the  Method  1  soil  and  groimdwater  standards,  MADEP  made  many  health- 
protective  assumptions  about  potential  exposures  and  the  movement  of  contaminants  to 
ensure  that  the  standards  represent  a  level  of  No  Significant  Risk  at  virtually  all  disposal 
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sites  to  which  they  are  applicable.  For  any  given  disposal  site,  however,  investigations  may 
reveal  that  the  fate  and  transport  models  employed  to  develop  the  Method  1  standards 
overestimate  (or  underestimate)  potential  risks.  Under  Method  2,  site-specific  information 
may  be  used  to  demonstrate  and  document  that  a  concentration  of  oil  or  hazardous  material 
which  is  different  than  an  appUcable  Method  1  standard  poses  No  Significant  Risk.  Such  a 
concentration  would  be  used  in  the  risk  characterization  process  as  the  Method  2  standard. 

Examples  of  such  Method  2  demonstrations  include: 

•  The  use  of  site-specific  leaching  models  to  document  that  residual  soil  levels  will  not  result  in 
an  exceedance  of  an  applicable  groundwater  standard; 

•  The  use  of  site-specific  volatilization  models  to  document  that  groundwater  contaminants  will 
not  result  in  unacceptable  indoor  air  concentrations; 

•  The  use  of  site-specific  migration  models  to  demonstrate  that  the  groundwater  will  not  pose  a 
significant  risk  when  it  discharges  to  surface  water. 

Note  that  there  are  some  Method  1  standards  which  cannot  be  modified  under  Method  2 
(see  310  CMR  40.0982(1)  and  (2)).  For  example,  groundwater  protected  as  a  current  or 
potential  source  of  drinking  water  must  meet  the  promulgated  GW-1  standards  listed  in  MCP 
Table  1  (310  CMR  40.0974(2)).  Similarly,  while  some  site-specific  information  may  be  used 
to  adjust  the  leaching-component  of  the  soil  standards,  the  results  cannot  exceed  soil 
standards  based  upon  direct  contact  exposures.  These  soil  standards  are  listed  in  MCP 
Table  5  (310  CMR  40.0985(6)). 

The  fate  and  transport  modifications  to  the  Method  1  standards  which  are  allowed  imder  a 
Method  2  risk  characterization  rely  heavily  upon  models  used  to  predict  environmental 
concentrations  of  oil  or  hazardous  material,  although  direct  environmental  monitoring  may 
also  be  employed. 

6.3.1    General  Considerations  When  Using  Predictive  Models 

Predictive  modeling  used  in  Method  2  to  modiiy  Method  1  standards  is  one  prominent 
example  of  how  such  models  may  be  used  under  the  MCP.  The  discussion  which  follows 
is  apphcable  to  all  uses  of  fate  and  transport  models\ 

While  direct  measurements  of  environmental  concentrations  are  preferred.  Predictive 
Modeling  is  often  a  necessary  or  desirable  component  of  the  risk  characterization  process, 
providing  a  means  to: 


The  use  of  predictive  models  is  not  permissible  vmder  Method  1,  except  to  evaliiate  future  site  conditions. 
Predictive  models  may  be  used  under  Method  3  as  needed  and  appropriate  to  obtain  estimates  of  current  and/or  future 
Exposure  Point  Concentrations,  as  discussed  in  Section  7.3.4.5  of  this  document. 
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•  adjust  the  promulgated  Method  1  standards  based  upon  site-specific  fate  and  transport 
information;  and/or 

•  characterize  risks  at  a  site  that  may  be  manifested  at  a  future  point  in  time  or  space, 
due  to  the  migration,  partitioning,  or  transformation  of  oil  and  hazardous  material; 
and/or 

•  interpret,  characterize,  or  confirm  ciurent  risks  at  a  site,  from  migration  and/or 
exposure  pathways  that  are  difficult  or  impossible  to  accurately  measure  or  quantify. 

Although  Predictive  Modeling  has  become  an  integral  part  of  the  site  assessment  and  risk 
characterization  process,  there  has  been  httle  standardization,  or  indeed  vahdation,  of 
modeling  procedures  and  techniques.  This  situation  has  been  further  exacerbated  by  the 
explosive  growth  in  commercially  available  software,  capable  of  executing  increasingly 
more  complex  modeling  appUcations,  on  increasingly  more  powerful  computers. 

For  this  reason,  risk  assessors  should  exercise  appropriate  caution  in  the  evaluation, 
utihzation,  and  interpretation  of  modeling  results.  Further,  the  risk  assessor  must  justify 
and  doctunent  the  use  of  a  predictive  model  as  part  of  a  Method  2  Risk  Characterization. 

6.3.1.1       Types  of  Predictive  Models 

Predictive  Models  are  mathematical  approximations  of  processes  that  occiu*  at  a  disposal 
site.  These  models  attempt  to  evaluate  the  migration  of  oil  and  hazardous  material 
released  at  a  site  by  the  mathematical  simulation  of  physical,  chemical,  and/or  biological 
processes. 

Most  models  used  for  this  purpose  are  classified  as  either  "analytical"  or  "numerical" 
models: 

•  Analytical  Models  are  relatively  simple  mathematical  relationships  or  algorithms, 
with  solutions  obtained  through  hand  calculation  or  on  a  personal  computer. 
Generally,  the  use  of  analytical  models  requires  a  series  of  simplifying  assimiptions 
and  conditions. 

•  Numerical  Models  are  more  complex  mathematical  relationships,  with  solutions 
obtained  through  a  numerical  analysis  using  a  computer  program.  Numerical  models 
allow  for  the  evaluation  of  more  complex  and  heterogeneous  systems,  and  provide  a 
more  "customized"  characterization  of  site  conditions. 

There  is  considerable  variabihty  in  the  scope,  complexity,  and  degree  of  validation  of 
available  anal5i:ical  and  numerical  models. 
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The  majority  of  commercially  available  models  address  the  leaching  of  contaminants  from 
soil  and/or  movement  of  aqueous-phase  contaminants  in  the  unsatm-ated  (vadose)  or 
saturated  (groundwater)  zone.  Newer  models  have  also  been  developed  to  simulate 
multiphase  transport,  including  vapor-phase  transport  in  the  unsaturated  zone.  Most 
models  are  deterministic;  some  are  probabihstic. 


6.3.1.2       Selection  of  Models 

The  key  steps  in  the  consideration, 
selection,  and  apphcation  of  Predictive 
Models  are  summarized  in  Figure  6.1. 

All  models  are  premised  on  certain 
assumptions  and  conditions,  and  all  are 
subject  to  certain  limitations.  At  the 
present  time,  there  are  no  universally 
accepted  or  even  universally 
recommended  models  for  all 
appUcations. 

In  evaluating  and  selecting  a  Predictive 
Model,  the  following  factors  should  be 
considered: 


STATEMENT  OF  OBJECTIVES 

I 

MODEL  CONCEPTUALIZATION 

I 

▼ 

MODEL  SELECTION 


MODEL  CALIBRATION/VERIFICATION 


SENSITIVITY/UNCERTAINTY  ANALYSIS 

I 

▼ 

MODEL  APPUCATION/INTERPRETATION 


Figure  6.1 


( 1)  Characterization  and  modeling  objectives.  Study  objective  should  be  clearly  defined  early  in  the  site  evaluation 
process.  Of  prime  consideration  is  whether  a  "screening"  or  a  "detailed"  evaluation  is  required,  as  this  decision  will 
a£fect  not  only  the  selection  of  a  model,  but  also  the  nature,  extent,  and  costs  of  necessary  site  investigation/data 
gathering  activities.  In  many  cases,  a  "screening"  evaluation  may  be  the  most  appropriate  option,  given  study  objectives, 
site  conditions,  and/or  modeling  and  characterization  uncertainties. 

(2)  Model  Conceptualization/Selection.  It  is  important  to  ens\ire  that  selected  models  address  those  transport 
processes  and  domains  that  are  of  interest  or  importance  at  the  site  under  evaluation.  For  example,  some  groundwater 
transport  models  can  address  mxilti-phase  transport,  which  may  be  desirable  at  sites  with  Non  Aqueous  Phase  Liquids 
and/or  Volatile  Organic  Compounds.  Similarly,  some  models  incorporate  a  biological  degradation  component;  this  may 
be  important  when  evaliiating  readily  degradable  contaminants  like  petrolevun,  but  not  important  or  necessaiy  for  sites 
with  heavy  metal  contamination. 

(3)  Ebctent  and  quality  of  site/input  data.  A  detailed  site  evaluation  using  a  numerical  model  generally  requires  a 
significant  amount  of  site-speciiic  data,  for  cahbration/  validation  purposes,  and/or  to  otherwise  yield  meaningfid 
modeling  results.  In  the  absence  of  such  data,  a  "screening"  analysis  by  an  analytical  model  may  be  more  appropriate. 

(4)  Model  accuracy,  validation,  and  veriHcation.  These  terms  are  used  and  defined  differently  by  different  parties, 
but  concern  the  same  central  issue:  the  degree  of  certainty  and  dociunentation  that  exists  or  that  needs  to  be  obtained 
to  demonstrate  that  a  given  model  will  accurately  predict  and  characterize  conditions  at  the  site  under  evaluation. 

Some  models,  particularly  complex  numerical  models,  will  need  to  undergo  a  series  of  iterative  calibrationA^alidation 
processes.  In  other  cases,  a  vendor  or  distributor  may  assert  that  a  model  has  been  "validated"  or  "verified";  such  claims 
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shotild  be  closely  scrutinized  to  ensure  that  sufficient  documentation  exists  to  support  such  an  assertion,  and  that  all 
model  validation  assumptions,  conditions,  and  limitations  are  applicable  at  the  site  under  evaluation,  consistent  with 
defined  characterization  and  modeling  objectives. 

(5)  Budget  and  resource  availability.  The  costs  to  obtain  and  use  a  Predictive  Model,  including  andllaiy  costs 
associated  with  obtaining  site  assessment  data  needed  for  model  calibration,  validation,  and/or  model  input,  can  be 
considerable,  especially  for  detailed  studies  iising  numerical  models.  Moreover,  it  is  very  important  that  persons  using 
a  model  be  experienced  and  proficient  in  its  use  and  interpretation;  for  complex  numerical  models,  proficiency  and 
experience  is  essential. 

Ideally,  the  designation  of  study  objectives,  identification  of  risk  characterization  needs, 
and  selection  of  a  Predictive  Model  should  be  accompUshed  prior  to  the  initiation  or 
completion  of  comprehensive  site  assessment  activities,  in  order  to  ensure/optimize  data 
collection  for  modeling/risk  characterization  purposes. 

6.3.1.3       Use,  Application,  and  Interpretation  of  Predictive  Models 

The  selection  of  an  appropriate  model  is  only  the  first  step  in  obtaining  meaningful 
results:  the  second,  and  perhaps  more  important  step,  relates  to  the  use  and  application 
of  the  selected  model. 

In  many  cases,  a  number  of  models  will  exist  that  will  satisfy  study  objectives.  Assuming 
that  all  models  are  sufficiently  accurate,  the  input  of  identical  data  sets  should  yield 
similar  results.  In  practice,  however,  significant  differences  in  computed  results  arise, 
due  to  differences  in  how  a  modeler  interprets  and  extrapolates  available  "raw  data",  and 
conceptualizes  the  modeled  system. 

In  this  regard,  the  following  recommendations  and  considerations  are  offered: 

•  Given  the  uncertainties  that  exist  using  any  model,  conservative  input  values  should  be  used 
wherever  appropriate  and  reasonable.  In  some  cases,  it  may  be  prudent  or  even  cost-effective 
to  use  "worst  case"  values  during  a  screening  analysis,  to  rule  out  a  pathway  or  exposures 
believed  to  be  insignificant. 

•  A  sensitivity  or  uncertainty  analysis  should  be  considered  in  cases  where  a  "worst  case"  analysis 
is  not  performed.  In  such  an  analysis,  input  parameters  are  varied  in  order  to  determine 
variations  in  the  predicted  results.  This  information  can  then  be  used  to  determine  whidi  input 
parameters  require  accurate  determination  and  which  input  parameters  may  be  approximated 
with  little  loss  in  model  accuracy.  In  situations  where  an  accurate  determination  of  sensitive 
input  parameters  cannot  be  obtained,  such  an  analysis  can  be  used  to  define  the  range  of 
possible  modeled  outputs. 

•  A  conceptualization  of  the  modeled  system  and  understanding  of  the  transport  processes  being 
simulated  is  necessary  to  avoid  making  mistakes  related  to  the  "blind  faith"  acceptance  of 
predicted  results.     Although  it  is  difficult  in  some  cases  to  relate  abstract  mathematical 
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relationships  and  solutions  to  real-world  situations,  predicted  results  that  are  inconsistent  with 
technical  insight  or  intuition  should  be  a  cause  for  concern  and  re-evaliiation. 

6.3.1.4  Performance  Standards  for  Predictive  Modeling 

The  use  of  Predictive  Models  in  characterizing  risk  at  disposal  sites  luider  the 
Massachusetts  Contingency  Plan  are  subject  to  the  following  standards  and  practices: 

•  Selected  models  must  be  scientifically  vaUd  and  sufficiently  documented. 

•  Predictive  Models  shall  be  selected,  used,  and  applied  in  a  manner  that  leads  to  a  reasonably 
conservative  and  protective  estimate  of  Exposure  Point  Concentrations. 

•  Data  that  is  input  to  Predictive  Models  shall  be  of  sufficient  extent  and  quality  to  allow  for  the 
meaningful  use,  interpretation,  and/or  confirmation  of  modeling  outputs,  considering  the 
sensitivity  and  uncertainty  of  modeling  parameters,  and  the  intended  application  of  model 
outputs. 

•  All  modeUng  and  site-specific  assumptions  and  conditions  must  be  clearly  articulated. 

•  All  results  must  be  clearly  documented. 

6.3.1.5  Predictive  Modeling  &  the  MOP  Method  1  Standards 

The  Method  1  Standards  were  developed  by  DEP  using  certain  predictive  models  and  a 
number  of  conditions  and  assumptions.  Parties  contemplating  the  use  of  Predictive 
Models  to  modify  these  standards  using  a  Method  2  analysis,  or  to  develop  alternative 
standards  using  a  Method  3  analysis,  may  wish  to  review  the  specifics  of  this  development 
process.  Key  Method  1  predictive  modeling  procedures  and  assumptions  are  summarized 
in  Table  6.1.  Complete  details  are  provided  in  Background  Docimaentation  for  the 
Development  of  the  MCP  Nmnerical  Standards  (April  1994). 

Risk  assessors  are  not  limited  to  using  the  models  employed  by  MADEP  in  setting  the 
Method  1  standards,  as  long  as  the  chosen  model  meets  the  performance  criteria 
discussed  above. 
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Table  6.1 
Development  of  MCP  Method  1  Standards 


Leaching  of  Contaminants  from  Soil 

MODEL(S):      SESOIL  coupled  with  AT123D,  as  available  throu^  the  USEPA  Graphical  Exposure 

Modeling  System  (GEMS)  package,  suitable  for  use  on  IBM-compatible  personal  computers 
(PCGEMS). 

APPROACH:   SESOIL  was  used  to  estimate  seasonal  leaching  of  contaminants  from  the  vadose  zone. 
This  value  was  then  input  to  AT123D  to  model  flow  throxigh  the  saturated  zone  to  a 
designated  "point  of  compliance".     Dilution  and  Attenuation  Factors  (DAF)  were  developed 
in  this  manner  for  8  indicator  chemicals,  which  were  then  used  to  develop  a  mvdtiple  linear 
regression  model  to  relate  the  DAFs  with  partition  coef&cients  (K^)  and  Henry's  Law 
Constants  (H).   This  relationship  was  then  used  to  estimate  DAFs  for  other  chemicals. 

KEY  ASSUMPTIONS: 

•  Contamination  in  vadose  zone  is  10  meters  X  10  meters,  1  meter  in  depth  (Le.  100  m  ;,  and  is 
located  1  meter  below  the  grotind  surface  and  1  meter  above  the  ground-water  table. 

•  Groundwater  'Point  of  Compliance"  was  surface  of  water  table  located  10  meters  downgradient 
of  contaminated  soil. 

•  Sandy,  pervious  soils 

•  Moderate  biodegradation  rate  for  benzene;  zero  degradation  rate  for  all  other  contaminants. 


Volatilization /Infiltration  of  Contaminants  into  Buildings 

MODEIXS):     Based  upon  Hexiristic  Model  developed  by  Johnson  and  Ettinger  (1991) 
APPROACH:  Assumed  partitioning  at  groujidwater  table  =  10%  of  equilibrium  condition  predicted  using 
Hezuy's  Law.   Assumed  attenuation  factor  between  inside  and  outside  of  building  =  5  X  10' 
(Johnson  and  Ettinger). 

KEY  ASSUMPTIONS: 

•  Dissolved  contaminants  within  30  feet  of  building  structure. 

•  Depth  to  groundwater  15  feet  or  less. 

•  Sandy,  pervious  soils. 


Discharge  of  Contaminated  Groundwater  to  Surface  Waters 

MODEL(S):     None 

APPROACH:   Simple  10  fold  dilution  factor. 


The  following  references  are  provided  for  risk  assessors  desiring  a  more  detailed 
discussion  of  modeling  and  the  selection  of  appropriate  fate  and  transport  models. 

Mass  DEP  Standard  References  for  Monitoring  Welb,  DEP  Publication  #WSC-3 10-91,  Section  7.0  Groundwater 
Modeling. 
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us  EPA,  1991  Ground-Water  Issue,  Characterizing  Soils  for  Hazardous  Waste  Site  Assessments.  EPA/504/4-91/003.  U.S. 
Enviromnental  Protection  Agency.  Office  of  Solid  Waste  and  Emergency  Response,  Washington,  D.C. 

US  EPA,  1992  Ground-Water  Issue,  Fundamentals  of  Ground-Water  Modeling.  EPA/540/S-92/005.  U.S.  Environmental 
Protection  Agency.  Office  of  Solid  Waste  and  Emergency  Response,  Washington,  D.C. 

US  EPA,  1989  Predicting  Subsurface  Contamirumt  transport  and  Transformation:  Consideration  for  Model  Selection 
and  Field  Validation.  EPA/600/2-89/045.  U.S.  Environmental  Protection  Agency.  Robert  S.  Kerr  Environmental 
Research  Laboratory,  Ada,  Oklahoma. 

US  EPA,  1992  Quality  Assurance  and  Quality  Control  in  the  Development  and  Application  of  Ground-Water  Models. 
EPA/600/R-93/011.  U.S. Environmental  Protection  Agency.  Robert  S.  Kerr  Environmental  Research  Laboratory, 
Ada,  OK 

US  EPA,  1993  Compilation  of  Ground-Water  Models.  EPA/600/R-93/1 18.  U.S.Environmental  Protection  Agency. 
Robert  S.  Kerr  Environmental  Research  Laboratory,  Ada,  OK 

US  EPA,  1994  Identification  and  Compilation  of  Unsaturated/Vadose  Zone  Models.  EPA/600/R-94/028.  U.S. 
Environmental  Protection  Agency.  Robert  S.  Kerr  Environmental  Researoh  Laboratory,  Ada,  OK. 

US  EPA,  1994  Evaluation  of  Unsaturated/Vadose  Zone  Models  for  Superfund  Sites.  EPA/600/R-3/184.  U.S. 
Environmental  Protection  Agency.  Robert  S.  Kerr  Environmental  Researoh  Laboratory,  Ada,  OK 

6.3.2    Leaching  of  Contaminants  from  Soil 

The  Method  1  SoU  Standards  (Tables  2,  3  and  4  of  the  MCP)  consider  the  potential  for 
contamination  in  soil  leaching  into  the  groimdwater  and  resulting  in  adverse  impacts  on 
the  aquifer.  Remember  that  the  underlying  aqmfer  could  be  category  GW-1,  GW-2 
and/or  GW-3,  so  the  soil  standards  are  specific  to  the  combination  of  soil  and 
groundwater  categories  xmder  consideration  (e.g.,  S-l/GW-3,  S-3/GW-1). 

In  setting  these  leaching-  and  health-based  standards,  the  Department  made  certain 
assimaptions  about  the  characteristics  of  the  soil  and  the  properties  of  the  aquifer.  Two 
models  were  then  used  to  develop  the  Method  1  Standards.  The  SESOIL  (Seasonal  Soil 
Compartment)  Model  was  used  to  estimate  seasonal  leaching  of  site  contaminants  from 
the  vadose  zone.  The  value  calculated  from  the  SESOIL  model  was  then  input  to  the 
groundwater  transport  model  (AT123D),  to  estimate  the  flow  through  the  saturated  zone 
and  the  contaminant  concentration  at  a  specified  point  of  compliance  ten  meters 
downgradient  from  the  site  (Figure  6.2). 

The  parameters  selected  for  input  into  the  models  were  based  upon  assmnptions  about 
a  "tj^ical  disposal  site".  (A  brief  summary  of  these  parameters  is  given  in  Table  6.1  and 
a  detailed  description  is  given  in  Background  Documentation  for  the  Development  of  the 
MCP  Numerical  Standards  (April  1994).  This  was  done  to  make  the  approach  as 
generahzable  as  possible  to  sites  across  the  state.  In  so  doing  it  was  recognized  that 
depending  upon  the  individual  characteristics  of  a  particular  site,  the  input  parameters 
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Figure  6.2 

may  be  more  or  less  applicable  to  any  one  location.  In  light  of  this,  the  following 
methods  are  identified  in  the  MCP  at  310  CMR  40.0985  (3)  to  demonstrate  that  the 
concentrations  of  oil  and/or  hazardous  material  in  soil  at  the  disposal  site  currently  and 
in  the  foreseeable  future  will  result  in  comphance  with  all  MCP  Method  1  or  2 
Groimdwater  Standards: 

(a)  fate  and  transport  modeling  that  incorporates  site-specific  information  on  source  mass 
and  subsurface  hydrogeological  conditions;  and/or 

(b)  laboratory  tests  that  demonstrate,  under  site  conditions,  the  oil  and/or  hazardous 
material  in  the  soil  will  not  leach  to  groundwater  at  levels  which  exceed  the 
apphcable  MCP  Method  1  or  2  Groimdwater  Standards. 
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The  result  of  a  Method  2  modification  of  the  Method  1  soil  standards  is  one  or  more 
alternative  soil  standards  which  are  both  demonstrably  protective  of  the  site  gromidwater 
and  equal  to  or  less  than  the  Direct  Contact  Exposure-Based  Soil  Concentrations  listed 
in  Table  5  of  the  MCP  (310  CMR  40.0985(6)).  If  the  calculated  site-specific  leaching- 
based  concentration  is  greater  than  the  Direct  Contact  Concentrations  (or  if  the  site- 
specific  information  indicates  that  material  is  not  leaching  to  groundwater,  and  will  not 
leach  to  groundwater,  at  significant  levels),  then  the  Direct  Contact  concentrations  in 
Table  5  are  adopted  as  the  Method  2  soil  standards  (310  CMR  40.0982(2)). 

6.3.3  Volatilization  of  Contaminants 

The  MCP  Method  1  GW-2  Standards  are  based  upon  the  potential  for  volatilization  of 
contamination  in  groundwater  into  indoor  air.  As  with  the  soil  leaching  modeling,  certain 
assumptions  were  made  to  attempt  to  represent  conditions  at  a  "typical  disposal  site". 
The  particular  model  utiUzed  to  develop  the  Method  1  Standards  was  the  Heuristic 
Model  developed  by  Johnson  and  Ettinger  (1991).  The  development  of  GW-2  standards 
based  upon  this  approach  is  described  in  Section  4.2  of  the  Background  Documentation 
for  the  Development  of  the  MCP  Numerical  Standards  (April  1994). 

Site-specific  factors  such  as  building  conditions,  soil  type,  depth  to  groundwater  and 
depth  to  contamination  may  influence  the  degree  to  which  vapors  infiltrate  a  structure. 
The  risk  assessor  may  want  to  consider  these  factors,  as  well  as  any  soil  gas  or  indoor  air 
measurements  in  determining  whether  the  groundwater  contamination  is  affecting  the 
indoor  air  and  when  estabUshing  groimdwater  concentrations  of  a  chemical  which  would 
represent  a  condition  of  No  Significant  Risk  for  this  exposure  pathway. 

The  result  of  a  Method  2  modification  of  the  Method  1  GW-2  standards  is  one  or  more 
alternative  groundwater  standards  which  are  both  demonstrably  protective  of  potential 
indoor  air  exposures  and  equal  to  or  less  than  the  groundwater  Upper  Concentration 
Limits  hsted  in  Table  6  of  the  MCP  (310  CMR  40.0996(5)).  If  the  calculated  site-specific 
volatihzation-based  concentration  is  greater  than  the  groundwater  Upper  Concentration 
Limit  (or  if  the  site-specific  information  indicates  that  material  is  not  volatilizing,  and  will 
not  volatilize,  to  indoor  air  at  significant  levels),  then  the  Upper  Concentration  Limits  in 
Table  6  are  adopted  as  the  Method  2  GW-2  standards  (310  CMR  40.0982(4)). 

6.3.4  Discharge  to  Surface  Water 

The  MCP  GW-3  standards  consider  potential  impacts  from  the  discharge  of  contaminated 
groundwater  into  a  surface  water  body.  The  standards  incorporate  a  simple  dilution 
factor  of  ten  (10)  based  upon  the  experience  of  MADEP  Division  of  Water  Pollution 
Control  in  writing  groundwater  and  surface  water  discharge  permits.  The  development 
of  GW-3   standards   based   upon  this   approach   is   described   in   Section  4.3   of  the 
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Background  Documentation  for  the  Development  of  the  MCP  Numerical  Standards  (^nl 
1994). 

Site-specific  factors,  such  as  the  soil  type,  volume  of  contaminated  groundwater  and 
distance  to  the  point  of  discharge  to  surface  water  may  influence  the  concentration  of  oil 
or  hazardous  material  in  the  groundwater  at  the  point  of  discharge.  The  risk  assessor 
may  want  to  consider  these  factors  in  determining  whether  the  groundwater 
concentration  at  the  site  will  significantly  affect  surface  water  and  when  establishing  a 
groundwater  concentration  (i.e.,  a  Method  2  standard)  that  would  represent  a  condition 
of  No  Significant  Risk  for  this  pathway. 

The  result  of  a  Method  2  modification  of  the  Method  1  GW-3  standards  is  one  or  more 
alternative  groundwater  standards  which  are  both  demonstrably  protective  of  receiving 
surface  water  bodies  and  equal  to  or  less  than  the  groundwater  Upper  Concentration 
Limits  hsted  in  Table  6  of  the  MCP  (310  CMR  40.0996(5)).  If  the  calculated  site-q)ecific 
surface  water  risk-based  concentration  is  greater  than  the  groundwater  Upper 
Concentration  Limit  (or  if  the  site-specific  information  indicates  that  material  is  (and 
will)  not  discharge  to  a  surface  water  body  at  significant  levels),  then  the  Upper 
Concentration  Limits  in  Table  6  are  adopted  as  the  Method  2  GW-3  standards  (310  CMR 
40.0982(4)). 


6.4       RISK  CHARACTERIZATION 

The  process  for  a  Method  2  Risk  Characterization  will  follow  the  same  methodology  as  a 
Method  1  Risk  Characterization  (310  CMR  40.0988(1)),  with  the  exception  that  at  least  some 
of  the  apphcable  standards  will  have  been  developed  or  modified  using  Method  2  procedures. 
Thus  the  documentation  for  a  Method  2  risk  characterization  must: 

►  Identify  the  Human  Receptors  (310  CMR  40.0921) 

►  Identify  the  Environmental  Receptors  (310  CMR  40.0922) 

►  Identify  the  Site  Activities  and  Uses  (310  CMR  40.0923) 

►  Identify  Exposure  Points  (310  CMR  40.0924  and  40.0973) 
»►  Identify  Exposure  Pathways  (310  CMR  40.0925) 

►  Identify  Exposure  Point  Concentrations  (310  CMR  40.0926  and  40.0973) 

►  Identify  Site  Groundwater  and  Soil  Categories  (310  CMR  40.0930) 
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►     Identify  Applicable  Groundwater  and  Soil  Standards  (310  CMR  40.0973) 

>■     Compare  the  Exposure  Point  Concentrations  to  i^plicable  Method  I  and  Method  2  Standards 
(310  CMR  40.0988) 

>■     Clearly  State  Conclusions  of  the  Risk  Characterization  (40.0988). 

These  risk  characterization  steps  are  discussed  in  detail  for  Method  1  in  Section  5.0  of  this 
document,  and  the  reader  is  referred  there  for  specific  requirements. 
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7.0      METHOD  3  -  HUMAN  HEALTH 

This  section  provides  guidance  on  conducting  a  Method  3  Human  Health  Risk 
Characterization.  The  human  health  evaluation  is  just  one  of  four  distinct  assessments 
which  comprise  a  complete  Method  3  Risk  Characterization:  the  risk  to  safety,  public 
welfare  and  the  environment  must  also  be  addressed.  The  most  site-specific  of  the  three  risk 
characterization  options  available  under  the  MCP,  a  Method  3  assessment  is  an  option  at  all 
C.21E  sites. 


The  specific  regulations  concerning  the 
Method  3  risk  characterization  process 
begin  at  310  CMR  40.0990  of  the 
Massachusetts  Contingency  Plan.  Readers 
are  reminded  that  general  requirements 
appUcable  or  potentially  apphcable  to  all 
risk  characterizations  are  found  in 
310  CMR  40.0900  through  40.0960,  and  are 
described  in  Section  1.0  through  4.0  of  this 
guidance  document. 

The  Method  3  human  health  risk 
characterization  approach  involves  five 
steps:  hazard  identification,  dose-response 
assessment,  exposure  assessment,  risk 
characterization  and  uncertainty  analysis. 

Hazard  IdentlHcation  determines 
whether  a  substance  causes  adverse 
effects  and  identifies  those  effects.  This 
step  describes  why  the  substance  is  of 
regulatory  concern. 


A  Method  3  Risk  Characterization 
Is  Complete  If... 

•  Risk  to  Safety 
(Section  4.0) 

•  Risk  to  Human  Health 
(Section  7.0) 

•  Risk  to  PubUc  Welfare 
(Section  8.0) 

•  Risk  to  the  Environment 
(Section  9.0) 

..Are  Evaluated 

The  scope  and  level  of  effort  needed  to 
complete  each  component  of  a  Method  3  Risk 
Characterization  will  vaiy  depending  upon 
site  conditions. 


The      Dose-Response      Assessment 

describes  the  relationship  between  the  level  of  exposiu-e  and  the  likelihood  and/or 
severity  of  an  adverse  effect.  Simply  speaking,  the  dose-response  information  describes 
the  toxicity  of  the  substance. 

The  Exposure  Assessment  involves  identifying  potential  routes  of  exposure; 
characterizing  the  populations  exposed;  and  determining  the  frequency,  dm^ation  and 
extent  of  exposure. 
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The  Risk  Characterization  combines  information  from  the  previous  three  steps  to 
describe  the  type  (e.g.,  carcinogenic  or  non-carcinogenic)  and  magnitude  of  risks  to 
exposed  populations.  The  resulting  risks  are  then  compared  to  the  risk  management 
criteria  promulgated  in  the  regulations. 

The  Uncertainty  Analysis  identifies  the  nature  and,  when  possible,  the  magnitude  of 
the  uncertainty  and  variabUity  inherent  in  the  characterization  of  risks.  The  results  of 
any  risk  assessment  reflect  scientific  uncertainty  resulting  from  limitations  in  available 
data  and  assumptions  that  are  made  in  the  absence  of  such  data,  and  the  variabihty  in 
exposure  and  toxicological  response  expected  given  the  diversity  within  the  human 
population.  The  assumptions  and  limitations  which  are  a  part  of  all  risk  characterizations 
should  be  exphcitly  discussed. 

Each  of  these  risk  assessment  steps  is  described  in  detail  in  the  following  sections  of  this 
document. 

It  is  important  to  remember  that  risk  estimates  generated  in  the  risk  assessment  are  not 
measures  of  actual  or  absolute  risks.  Rather,  risk  assessments  are  a  tool  -  a  method  of 
providing  valuable  information  regarding  potential  risks  to  pubhc  health  and  the 
environment.  Risk  assessment  is  used  throughout  the  regulatory  process  to  provide  such 
information,  whether  it  is  to  determine  "How  clean  is  clean  enough?"  at  a  disposal  site,  to 
develop  drinking  water  standards  for  pubhc  water  supphes,  or  to  evaluate  a  proposed  fadUty 
seeking  a  source  permit. 

The  MCP  is  exphcit  in  its  interpretation  of  the  significance  of  the  risk  estimates.  The  risk 
management  philosophy  inherent  in  the  estabhshment  of  the  risk  limits  is  to  ensure  that 
no  potential  receptor  groups  would  experience  an  excess  lifetime  cancer  risk  greater  than  the 
risk  hmit,  regardless  of  the  number  of  chemicals  or  exposure  routes  that  exist  at  a  site.  The 
noncancer  risk  limit  reflects  a  risk  management  decision  that  multiple-chemical,  multiple- 
route  exposures  related  to  a  disposal  site  will  not  exceed  an  estimated  "allowable"  dose  -  a 
dose  which  would  not  result  in  adverse  health  effects. 

Under  Method  3,  remediation  of  the  disposal  site  is  required  if:  (1)  Exposure  Point 
Concentrations  exceed  any  apphcable  or  suitably  analogous  pubhc  health  standards,  or  (2)  the 
estimated  cancer  or  non-cancer  risks  associated  with  exposure  to  oil  or  hazardous  material 
exceed  the  Cumulative  Receptor  Risk  Limits  (310  CMR  40.0993(6)).  Remedial  alternatives 
must  be  evaluated  to  determine  if  they  eliminate  "Significant  Risk"  as  defmed  in  the  MCP. 
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7.1       HAZARD  IDENTIFICATION 

The  Hazard  Identification  portion  of  an  MCP  Method  3  risk  characterization  describes  the 
hazards  associated  with  each  OHM  which  has  been  selected  as  a  Contaminant  of  Concern. 
More  specifically,  the  Hazard  Identification  discusses  whether  exposure  to  a  particular 
contaminant  can  cause  an  increase  of  a  particular  adverse  health  effect  and  whether  the 
adverse  health  effect  is  likely  to  occur  in  humans. 

The  Hazard  Identification  section  of  the  Risk  Assessment  should  contain:  an  identification 
of  the  OHMs  which  have  been  selected  as  Contaminants  of  Concern,  a  summary  of  the 
analytical  data  which  have  been  collected  for  these  OHMs  presented  by  specific 
environmental  mediima,  and  a  description  of  the  potential  health  effects  which  may  be 
associated  with  exposure  to  each  OHM. 

The  description  of  the  potential  health  effects  associated  with  each  contaminant  is  provided 
in  a  Toxicity  Profile.  A  Toxicity  Profile  should  be  prepared  for  each  Contaminant  of  Concern 
and  presented  in  the  documentation  of  the  Risk  Characterization. 

Toxicity  Profiles  serve  several  purposes.  They  provide  a  summary  of  the  potential  adverse 
hiunan  health  effects  which  may  be  associated  with  exposure  to  a  particular  contaminant  and 
contain  references  for  the  dose-response  assessment.  Toxicity  Profiles  also  serve  as  reference 
material  for  non-toxicologists  who  are  involved  with  or  interested  in  activities  at  the  site  and 
who  want  to  understand  the  potential  health  impacts  associated  with  contaminants  at  the 
site. 

The  information  in  Toxicity  Profiles  may  also  be  used  to  group  chemicals  by  health  endpoint 
and  mechanism  of  toxicity  in  order  to  estimate  more  detailed  Hazard  Indices.  The  reader 
should  refer  to  Section  7.4.1  for  more  information  on  calculating  endpoint-specific  Hazard 
Indices. 

In  general,  a  Toxicity  Profile  is  a  comprehensive,  in-depth  profile  of  the  toxicokinetics, 
human  and  animal  mechanisms  of  toxicity,  genotoxicity,  carcinogenicity,  and 
developmental/reproductive  toxicity  for  the  chemical  of  interest.  A  Toxicity  Profile  should 
also  address  Structure  Activity  relationships  and  interaction  with  other  chemicals,  as 
appropriate.  In  preparing  the  Toxicity  Profile,  the  risk  assessor  should  rely  on  credible,  peer- 
reviewed  sources  of  information  such  as  controlled,  epidemiologic  investigations,  clinical 
trials,  experimental  animal  studies,  metabohc  and  pharmacokinetic  experiments,  in  vitro 
studies  and  structure-activity  studies.  All  references  should  be  provided  to  document  the 
sources  of  information  used  to  prepare  the  Toxicity  Profile. 

The  scope  and  level  of  detail  of  a  Toxicity  Profile  will  vary  depending  upon  the  nature  and 
quantity  of  information  available  for  a  particular  chemical.     For  many  substances  (e.g.. 
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chemicals  for  which  Method  1  standards  have  been  developed)  toxicological  information  is 
readily  available  from  many  som^ces,  and  repetition  of  that  information  in  great  detail  in  the 
Toxicity  Profile  is  not  necessary.  For  such  cases  a  short  descriptive  summary  of  the  known 
health  effects  associated  with  the  chemical  of  interest  and  the  basis  for  any  existing 
standards  or  guidelines  would  be  sufficient.  The  primary  purpose  of  such  a  descriptive 
summary  is  to  provide  information  to  the  pubUc  in  a  readily  available  form. 


1J2,       DOSE  RESPONSE  ASSESSMENT 

The  dose-response  assessment  describes  the  observed  effects  in  humans  and/or  laboratory 
animals  associated  with  particular  exposures  (or  doses)  of  the  chemical  of  concern.  This 
information  is  obtained  from  pubUshed  Hterature  describing  epidemiologic  or  toxicologic 
studies  involving  the  particular  chemical.  For  most  chemicals  reported  at  c.2lE  disposal 
sites,  the  dose-response  information  needed  to  conduct  a  risk  assessment  may  be  found  in 
secondary  sources  pubhshed  by  the  USEPA  or  other  government  agencies,  as  described 
below. 

The  dose-response  relationship(s)  for  each  OHM  which  has  been  selected  as  a  Chemical  of 
Concern  must  be  identified  in  the  risk  assessment  report.  This  information  is  later  coupled 
with  knowledge  of  the  nature  and  magnitude  of  potential  exposures  to  characterize  risk. 

The  dose-response  information  may  be  divided  into  three  major  categories: 

•  Toxicity  information  associated  with  threshold  (non-carcinogenic)  health  effects. 

•  Toxicity  information  concerning  carcinogenicity,  either  from  human  epidemiologic  data  or  from 
laboratory  studies. 

•  The  Relative  Absorption  Factors  (RAFs)  used  to  relate  the  toxicity  information  identified  from  the 
literature  to  the  exposure  pathways  of  concern  at  the  disposal  site  under  investigation 


All  the  chemicals  selected  as  Contaminants  Of  Concern  should  be 

evaluated  for  potential  non-carcinogenic  health  effects.   In  addition, 

any  substance  considered  to  be  a  known,  probable,  or  possible  human 

carcinogen  (as  designated  by  EPA)  should  also  evaluated  for  its 

potential  carcinogenic  effect.    The  classification  of  a  chemical  as  a 

carcinogen  does  not  preclude  an  evaluation  of  that  same  chemical  for 

potential  non-carcinogenic  health  risks. 


Guidance  for  Disposal  Site 
Risk  Characteriiation 


Interim  Final  Policy  WSC/OBS-9S-141 
MassachusetU  DEP,  July  199S 


7  -4 


7.2.1    Threshold  Effects 

For  non-carcinogenic  health  effects,  it  is  beUeved  that  a  dose  (or  exposure)  level  exists 
at  and  below  which  no  adverse  health  effects  would  be  expected.  Such  a  level  is  referred 
to  as  a  threshold  dose.  In  theory,  the  threshold  dose  would  be  safe  for  all  receptors  who 
might  be  exposed  at  that  level. 

The  goal  of  the  dose  response  assessment  is  to  identify  the  threshold  dose,  or  a  close 
approximation,  given  the  toxicological  information  currently  available.  It  may  be 
impossible,  however,  to  specify  this  theoretical  threshold  dose  for  a  given  chemical  due 
to  the  inadequacy  of  the  scientific  data.  Ideally,  the  threshold  dose  would  be  identified 
from  large  and  well-run  human  epidemiological  and  toxicological  studies.  Unfortunately, 
such  studies  are  uncommon  as  they  are  difficult  to  conduct,  expensive,  time-consimung, 
and  often  pose  ethical  concerns.  It  is  possible  to  approximate  this  threshold  dose  in  a 
health-protective  manner  that  accounts  for  the  data  limitations  by  identifying  a  sub- 
threshold dose:  such  a  value  is  typically  derived  from  the  No  Observable  Adverse  Effects 
Level  (NOAEL)  of  an  animal  study  by  apphcation  of  uncertainty  factors  (UF)  and  a 
modifying  factor  (MF)  (Farland  and  Dourson,  1992).  Uncertainty  Factors  are  apphed  to 
account  for  interspecies  variation,  exposure  duration  and  protection  of  sensitive 
populations.  Additional  Uncertainty  Factors  may  be  apphed  if  the  toxicological  study 
identified  a  Lowest  Observable  Adverse  Effects  Level,  or  LOAEL,  rather  than  a  NOAEL. 
Each  Uncertainty  Factor  is  typically  equal  to  a  factor  of  ten,  and  the  product  of  all  the 
Uncertainty  Factors  may  be  as  high  as  10,000  (10  x  10  x  10  x  10).  A  Modifying  Factor 
may  be  apphed  to  reflect  additional  imcertainties  in  the  critical  study  and  the  entire  data 
base  not  addressed  by  the  Uncertainty  Factor.  The  value  of  the  Modifying  Factor  is 
greater  than  zero  and  less  than  or  equal  to  ten;  the  default  value  for  the  Modifying 
Factor  is  one.  Important  factors  to  consider  when  identifying  and  using  such  a 
sub-threshold  dose  include,  at  a  minimum: 

•  the  route  of  administration  from  the  study  (inhalation,  oral,  dermal  contact,  etc...); 

•  the  duration  of  exposure  to  that  dose  (lifetime,  chronic,  subchronic,  or  acute  exposure); 

•  the  absorption  efficiency  (if  any)  used  to  calculate  that  dose;  and 

•  the  age  of  the  person  receiving  the  dose. 

The  subthreshold  dose  in  imits  of  mg/kg/day  (with  imcertainty  spanning  perhaps  an 
order  of  magnitude  or  greater)  to  which  daily  exposure  of  a  human  population,  including 
sensitive  subgroups,  is  likely  to  be  free  of  appreciable  risk  of  deleterious  effects  during 
a  lifetime  is  termed  a  Reference  Dose  (RfD)  (Barnes  and  Dourson,  1988).  The  RfD  is 
derived  using  the  following  equation: 
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RfD 


(mg/kg/«lay) 


NOAEL  or  LOAEL 
U.F.  and /or  MF 


(7-1) 


USEPA  (1991)  has  also  proposed  a  Reference  Dose  for  developmental  toxicity 

(RfDjj^).  The  RfD^T  is  based  on  a  NOAEL  derived  from  short-duration  exposures  typically 
used  in  developmental  studies.  Uncertainty  factors  for  developmental  toxicity  generally 
include  a  tenfold  factor  for  interspecies  variation  and  a  tenfold  factor  for  intraspecies 
variation;  in  general  an  uncertainty  factor  is  not  applied  to  account  for  duration  of 
exposure.  Additional  imcertainty  factors  may  be  appUed  due  to  a  variety  of  luicertainties 
in  the  data  base  (Farland  and  Dourson,  1992). 

A  Reference  Concentration  (RfC,  in  units  of  mg/m)  is  the  inhalation  exposure 
concentration  (with  imcertainty  spanning  perhaps  an  order  of  magnitude  or  greater)  to 
which  daily  exposure  of  a  human  population,  including  sensitive  populations,  is  likely  to 
be  free  of  appreciable  effects.  Interim  methods  for  development  of  inhalation  reference 
concentrations  (USEPA,  1990)  describe  the  conversion  of  the  experimental  exposure 
NOAEL  to  hiunan  equivalent  concentrations  (NOAEL  ^^^).  The  conversion  is  specific 
both  to  the  type  of  inhaled  agent  (particle  or  gas)  and  to  the  observed  effect  (respiratory 
or  systemic)  and  adjusts  for  dosimetric  differences  between  various  experimental  species 
and  humans.  Once  the  NOAEL  ^^^  is  identified,  the  same  equation  used  to  estimate  the 
RfD  is  used  to  calculate  the  inhalation  RfC  with  the  application  of  similar,  although  not 
identical,  uncertainty  factors  (Farland  and  Dourson,  1992).  Conversion  of  an  RfC  to  an 
inhalation  RfD  (in  units  of  mg/kg/day)  is  not  recommended. 

There  are  a  number  of  different  sources  of  subthreshold  toxicity  values.  When  selecting 
toxicity  information  for  use  in  quantitative  risk  assessment,  the  risk  assessor  should 
ensiu*e  that  the  information  is  appropriate  for  the  assessment  being  conducted  and  that 
it  is  up-to-date.  Note  that  sources  differ  in  the  frequency  at  which  they  are  updated  and 
the  level  of  review  they  receive.  The  Massachusetts  Contingency  Plan  requires  that 
primary  consideration  be  given  to  information  developed  by  the  U.S.  Environmental 
Protection  Agency  (310  CMR  40.0993(5)(a)). 

The  following  presents  a  hst  of  sources  of  toxicity  information  in  the  order  of  preference: 

(1)  Integrated  Risk  Information  System  (IRIS)  -  IRIS  is  an  USEPA  data  base  that  contains 
only  those  RfDs/RfCs  which  represent  a  consensus  judgement  of  USEPA  RfD/RfC  Workgroup 
which  is  composed  of  scientists  from  various  EPA  offices  and  the  Office  of  Research  and 
Development.  It  is  the  preferred  source  of  toxicity  information.  The  IRIS  database  is  updated 
monthly  and  is  available  on-line.  For  information  on  how  to  access  IRIS,  call  IRIS  user  support 
at  (513)  569-7254. 
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(2)  Health  Effects  Assessment  Summary  Tables  (HEAST)  -  HEAST  is  prepared  by  USEPA's 
Office  of  Health  and  Environmental  Assessment,  Environmental  Criteria  and  Assessment  Office, 
Cincinnati,  OH.  HEAST  contains  almost  entirely  provisional  toxicity  values.  These  values  have 
undergone  review  by  individual  USEPA  program  offices,  but  are  not  recognized  as  agency-wide 
consensus  values.  HEAST  is  scheduled  to  be  updated  quarterly  and  can  be  obtained  by 
contacting  the  National  Technical  Information  Services  (NTIS)  Subscriptions  Department  at 
(703)  487-4630. 

(3)  Other  sources.  When  information  is  not  available  in  IRIS  or  HEAST,  the  following  sources 
may  be  reviewed  to  determine  whether  comparable  values  exist  and  whether  those  values  are 
appropriate  for  quantitative  risk  assessment. 

Toxicity  Values  Developed  by  MADEP,  ORS  -  The  Office  of  Research  and  Standards 
develops  chronic  and  subchronic  RfDs  and  RfCs  for  some  OHMs  for  which  no  values  are 
available  in  IRIS  or  HEAST.  These  values  are  based  on  available  toxicological  data  and 
standard  USEPA  approaches  for  developing  reference  doses  for  threshold  effects.  The  list 
of  chemicals  includes  a  number  of  carcinogens  for  which  USEPA  has  not  derived  non-cancer 
toxicity  values.   These  values  can  be  accessed  through  the  MA  DEP  Bulletin  Board. 

Agency  for  Toxic  Substances  Disease  Registry  (ATSDR)  -  ATSDR  produces 
Toxicological  Profiles  for  275  hazardous  substances  found  at  NPL  sites.  The  priority  list  of 
hazardous  substances  is  published  in  the  Federal  Register.  An  announcement  of  the  release 
of  draft  Toxicological  Profile  documents  appears  in  the  Federal  Register  and  the  docimients 
are  available  from  ATSDR.  Final  toxicological  profiles  which  incorporate  reviewers 
comments,  are  available  from  the  National  Technical  Information  Service  (NTIS)  at  (800) 
553-6847  or  (703)  487-4650. 

In  the  toxicological  profiles,  ATSDR  develops  Minimal  Bisk  Levels  (MRLs)  for  threshold 
effects  of  some  chemicals.  These  values  are  updated  when  the  profiles  are  revised,  if 
appropriate.  An  MRL  is  defined  as  an  estimate  of  the  daily  human  exposure  to  a  substance 
that  is  Ukely  to  be  free  of  appreciate  risk  of  adverse  noncancerous  effects  over  a  specified 
duration  of  exptosure.  MRLs  are  derived  using  the  modified  risk  assessment  methodology 
the  U.S.  EPA  uses  to  derive  reference  doses  and  reference  concentrations  for  lifetime 
exposure. 

Allowable  Threshold  Concentration  (ATC)  -  The  "Allowable  Threshold  Concentrations' 
are  values  roughly  equivalent  to  the  reference  concentration,  but  they  are  derived  from  the 
Threshold  Effects  Exposure  Limit  (TEL)  described  in  CHEM  (MA  DEP,  1990).  (The  TEL 
value  represents  20%  of  an  allowable  concentration,  or  ATC.  Thus  the  ATC  is  equal  to  five 
times  the  TEL.  The  TEL  was  derived  in  a  manner  considering  children  to  be  the  most 
sensitive  potential  receptors.)  The  ATC  is  a  concentration  of  the  chemical  in  air  which 
would  not  be  expected  to  result  in  adverse  non-carcinogenic  health  effects.  The  ATC  is 
derived  considering  acute  and  chronic  threshold  health  endpoints,  including  reproductive 
effects.    These  values  can  be  accessed  through  the  MA  DEP  Bulletin  Board. 
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Back-calculating  From  Standards 

When  back-caloilating  from  a  concentration  to  a  doae, 
the  risk  assessor  must  always  use  the  exposure 
assumptions  on  which  the  concentration  is  based.  For 
example,  if  a  drinking  water  standard  was  derived  using  a 
body  weight  of  70  kg  and  a  water  intake  rate  of 
2  liters/day,  those  factors  mxist  be  used  in  back-calculating 
an  allowable  daily  dose. 

Site-specific  exp>osure  assumptions  (such  as  a  child's 
body  weight  and  water  intake  rate)  would  then  be 
considered  in  the  risk  assessment  itself  to  evaluate  the 
potential  risk  posed  by  the  contamination. 


Allowable  Doses  Back-Calculated 

From  Drinking  Water  Standards 

and   Guidelines   -   Drinking  water 

standards  and  guidelines,  which  give 

the    allowable    concentration    of    a 

contaminant      in      drinking      water 

supphes      include:      the      Maximum 

Contaminant  Level  Goal  (MCLG),  the 

Maximum  Contaminant  Level  (MCL), 

and   Health   Advisories    (HAs).      An 

allowable      daily      intake      (ADD 

comparable     to    an     RfD     may    be 

obtained  by  back-calculation,  using  the 

same  exposure  assumptions  used  to 

develop  the  standard  or  guideUne.    It 

is  imperative  that  the  assumptions  used  to  develop  the  standard  or  guideline  be  known 

before  an  RfD  is  calculated. 

A  list  of  MCLs,  MCLGs  and  HAs  is  available  from  USEPA  by  calhng  the  Safe  Drinking 
Water  Hotline  (1-800-426-4791).  The  list  is  upxiated  twice  per  year.  These  values  are  also 
available  in  a  chemical's  IRIS  file. 

MCLGs  -  MCLGs  are  non-enforceable  concentrations  of  a  drinking  water  contaminant 
that  are  protective  against  adverse  human  health  effects  and  allow  an  adequate  margin 
of  safety.  MCLGs  for  substances  considered  to  be  carcinogenic  are  set  at  zero  because 
USEPA  assumes  that  any  level  of  exposure  is  associated  with  some  level  of  risk. 
MCLGs  for  substances  not  treated  as  known  or  probable  human  carcinogens  are  based 
upon  chronic  toxicity  or  other  health  data  and  applied  uncertainty  data.  Back 
calculation  from  the  MCLG  is  only  appropriate  for  use  in  the  evaluation  of  compounds 
not  considered  Weight-of-Evidence  Group  A  or  B  carcinogens.  Documentation  for 
MCLGs  is  found  in  the  preamble  to  the  final  rule  for  each  OHM  in  the  Federal  Register. 

MCLs  -  MCLs  are  the  maximum  permissible  level  of  a  contaminant  in  water  which  is 
deUvered  to  any  user  of  a  pubUc  water  system.  MCLs  are  enforceable  standards  that 
are  set  as  close  to  MCLGrs  as  feasible.  MCLs  consider  factors  which  are  not  strictly 
health  based,  such  as  treatment  technology  and  cost.  Thus,  the  basis  for  an  MCL  must 
be  carefully  examined  before  an  MCL  is  used  to  derive  an  RfD.  Generally,  an  MCL  is 
not  used  to  derive  an  RfD. 

Health  Advisories  -  Health  Advisories  (HAs)  describe  concentrations  of  drinking  water 
contaminants  at  which  adverse  non-carcinogenic  health  effects  would  not  be  expected 
to  occur  over  specific  exposure  durations.  HAs  are  developed  for  1-day,  10-day,  longer 
term  (generally  up  to  2  years),  and  lifetime  exposures  based  only  on  data  describing  non- 
carcinogenic  endpoints  of  toxicity.  For  those  substances  which  are  known  or  probable 
human  carcinogens,  HAs  for  lifetime  exposure  are  not  derived.  The  documentation  for 
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each  HA  should  be  consulted  before  proceeding  with  any  calculations.  Documentation 
for  HAs  is  available  through  the  Education  Research  Information  Clearin^ouse  (EIRIC), 
(614)  292-6717. 

Allowable  Doses  Back-Calculated  From  Ambient  Water  Quality  Criteria  -  Ambient 
Water  Quality  Criteria  (AWQC)  are  developed  by  the  USEPA  Office  of  Water  Regulations 
and  Standards  per  Section  304(a)(1)  of  the  Clean  Water  Act  of  1977.  The  AWQC  consider 
both  toxicity  to  aquatic  life  and  human  health  effects.  The  AWQC  do  not  consider  technical 
feasibiUty  or  cost  and  may  be  used  to  derive  a  chronic  sub-threshold  dose  for  iise  in  a  risk 
assessment.  However,  it  must  be  noted  that  the  AWQC  incorporate  factors  which  account 
for  exposure  via  both  drinking  water  ingestion  and  consumption  of  contaminated  fish.  The 
documentation  for  each  AWQC  should  be  consulted  before  proceeding  with  any  calculations 
and  are  available  through  the  National  Technical  Information  Service  (NTIS)  at 
(800)  336-4700.   Individual  AWQC  are  Usted  in  IRIS. 

(4)  Calculation  of  a  dose-response  value  using  toxicity  information  from  the  literature. 

Dose-response  values  may  be  derived  by  a  qualified  risk  assessor  or  toxicologist  if  none  of  the 
above  sources  provides  a  toxicity  value,  but  adequate  toxicity  studies  are  available,  or  if  more 
recent,  credible  and  relevant  data  becomes  available.  USEPA  approaches  to  development  of 
RfDs  are  described  in  Risk  Assessment  Guidance  for  Superfiind  (USEPA,  1989)  and  in  ^pendix 
A  to  IRIS.  Approaches  to  the  development  of  RfCs  are  described  in  Interim  Methods  for 
Development  of  Inhalation  Reference  Doses  (USEPA,  1991).  The  review  and  approval  by  the 
Department  of  such  a  proposed  value  would  depend  upon  the  justification  and  documentation 
provided  to  support  it.  The  development  of  an  alternative  value  when  a  USEPA  or  MA  DEP 
derived  reference  dose  or  reference  concentration  is  available  is  rarely  justifiable  and  the  risk 
assessor  should  contact  the  MA  DEP  Office  of  Research  and  Standards  early  on  in  the  site 
assessment  process  for  prior  approval  before  proceeding. 

7^^    Carcinogenic  Effects 

Unlike  non-carcinogenic  health  effects,  the  dose-response  assessment  for  carcinogens 
assximes  that  there  is  no  threshold  dose  for  carcinogenicity;  that  there  is  no  dose  of  a 
carcinogenic  substance  (other  than  no  exposure)  which  is  associated  with  zero  risk. 
USEPA  evaluates  available  toxicity  data  and,  based  on  this  evaluation,  the  chemical  is 
assigned  to  a  weight-of-evidence  class.  The  system  for  characterizing  the  overall  weight 
of  evidence  for  a  chemical's  carcinogenicity  developed  by  USEPA  is  based  on  the 
availabihty  of  animal,  human,  and  other  supportive  data  (USEPA,  1986).  The  weight-of- 
evidence  classification  rates  the  likelihood  that  an  agent  is  a  human  carcinogen,  and  it 
may  quahtatively  affect  the  interpretation  of  potential  health  risks.  Three  major  factors 
are  considered  in  characterizing  the  overall  weight-of-evidence  for  carcinogenicity:  (1) 
the  quality  of  evidence  from  human  studies,  (2)  the  quahty  of  evidence  from  animal 
studies,  and  (3)  other  supportive  information,  such  as  mutagenicity  data  and  structure- 
activity  data.    The  five  categories  of  the  USEPA's  final  classification  scheme  (adapted 
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from  an  approach  taken  by  the  International  Agency  for  Research  on  Cancer)  are 
described  in  Table  7.1. 

Table  7.1 
The  ability  of  a  chemical  to 
increase  the  incidence  of 
cancer  in  a  target  population 
is  described  by  one  of  two 
measures:  the  cancer  slope 
factor  or  the  unit  risk. 
Cancer  Slope  Factors  or  Unit 
Risks  are  typically  calculated 
for  chemicals  in  Groups  A, 
Bl  and  B2.  Slope  factors  for 
chemicals  in  Group  C  are 
calculated  on  a  case-by-case 
basis. 


USEPA  Weight  of  Evidence  Classincation 

Group  A  -  Human  Carcinogen;  This  category  indicates 
there  is  sufficient  evidence  from  epidemiological  studies  to 
support  a  causal  association  between  an  agent  and  human 
cancer. 

Group  B  -  Probable  Human  Carcinogen:  This  categoiy 
generally  indicates  there  is  at  least  limited  evidence  from 
epidemiologic  studies  of  carcinogenicity  to  humans  (Group 
Bl)  or  that,  in  the  absence  of  data  on  humans,  there  is 
sufficient  evidence  of  carcinogenicity  in  animals  (Group  B2). 

Group  C  -  Possible  Human  Carcinogen:    This  cat^oiy 

indicates  that  there  is  limited  evidence  of  carcinogenicity  in 
animals  in  the  absence  of  data  on  humans. 


Group  D  -  Not  Classified:  This  category  indicates  that  the 
evidence  for  carcinogenicity  in  animals  is  inadequate,  or  no 
data  are  available. 

Group  E  -  No  Evidence  of  Carcinogenicity  to  Humans: 

This  category  indicates  that  there  is  evidence  of 
noncarcinogenicity  in  at  least  two  adequate  animal  tests  in 
different  species  or  in  both  epidemiologic  and  animal  studies. 


The    cancer    Slope    Factor 

(CSF)    for    a    chemical    is 

derived    by    the     USEPA's 

Cancer    Assessment    Group 

(CAG).    Using  mathematical 

extrapolation      models, 

commonly     the     linearized 

multistage  model,  the  largest 

possible  linear  slope  (within 

the  95%  Confidence  Limit) 

consistent  with  the  available  data  is  estimated  at  low  extrapolated  doses.    For  some 

chemicals,  human  epidemiologic  data  are  the  basis  of  an  estimate  of  the  carcinogenic 

potency,  although  the  most  conmion  basis  of  these  values  is  an  animal  study.  The  CSF 

is  expressed  as  the  risk  per  unit  dose,  and  is  typically  given  in  units  of  (mg/kg/day)'\ 

Use  of  the  slope  factor  assumes  that  the  calculated  dose  received  is  expressed  as  a 

lifetime  average. 


The  Unit  Risk  (UR)  is  the  upper  95%  Confidence  Limit  of  the  mean  incremental  lifetime 
cancer  risk  estimated  to  result  from  lifetime  exposure  to  an  agent  if  it  is  in  the  air  at  a 
concentration  of  1  iig/m  or  in  the  drinking  water  at  a  concentration  of  1  /xg/L.  These 
values  are  used  in  heu  of  the  chemical's  slope  factor  when  an  estimate  of  a  lifetime 
average  concentration  of  the  chemical  is  available. 

There  are  a  number  of  different  sources  of  CSFs  and  URs.  When  selecting  this 
information  for  use  in  quantitative  risk  assessment,  the  risk  assessor  should  ensure  that 
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the  information  is  appropriate  for  the  assessment  being  conducted  and  that  it  is  up-to- 
date.  Note  that  sources  differ  in  the  frequency  at  which  they  are  updated  and  the  level 
of  review  they  receive.  The  Massachusetts  Contingency  Plan  requires  that  primary 
consideration  be  given  to  information  developed  by  the  U.S.  Environmental  Protection 
Agency  (310  CMR  40.0993(5)(a)). 

Preferred  sources  for  cancer  slope  factors  or  imit  risk  values  are: 

(1)  Integrated  Risk  Information  System  (IRIS)  -  The  IRIS  data  base  contains  only  those  CSFs 
or  URs  which  represent  a  consensus  judgement  of  the  USEPA  Carcinogen  Risk  Assessment 
Verification  Endeavor  (CRAVE)  which  is  composed  of  scientists  from  various  EPA  offices  and 
the  Office  of  Research  and  Development.  It  is  the  preferred  source  of  toxicity  information.  The 
ERIS  database  is  updated  monthly  and  is  available  on-hne.  For  information  on  how  to  access 
IRIS,  call  IRIS  user  support  at  (513)  569-7254. 

(2)  Health  Effects  Assessment  Summary  Tables  (HEAST)  -  HEAST  contains  values  that  have 
received  some  form  of  review  by  USEPA  but  have  not  been  verified  and  are  considered 
provisional.  HEAST  is  prepared  by  USEPA's  Office  of  Health  and  Environmental  Assessment, 
Environmental  Criteria  and  Assessment  Office,  Cincinnati,  OH.  HEAST  is  scheduled  to  be 
updated  quarterly  and  can  be  obtedned  by  contacting  the  National  Technical  Information 
Services  (NTIS)  Subscriptions  Department  at  (703)  487-4630. 

(3)  Other  Sources  -  When  information  is  not  available  in  IRIS  or  HEAST,  the  following  sources 
may  be  reviewed  to  determine  whether  comparable  values  exist  and  whether  those  values  are 
appropriate  for  qxiantitative  risk  assessment. 

California  Environmental  Protection  Agency  (Cal/EPA)  -  Cal/EPA's  OfQce  of 
Environmental  Health  Hazard  Assessment  (OEHHA),  Department  of  Pesticide  Regulation 
(DPR)  and  Department  of  Toxic  Substances  Control  (DTSC)  develop  or  approve  cancer 
potency  factors  for  use  in  risk  assessments  and  as  the  basis  for  regulatory  action.  A  list  of 
available  cancer  potency  factors  is  revised  semiannually  and  can  be  obtained  from  OEHHA's 
Hazardous  Waste  Toxicology  Section,  at  (916)  324-7572. 

Toxicity  Values  Develoi>ed  by  MA  DEP/ORS  -  The  Office  of  Research  and  Standards 
may  develop  CSFs  and  URs  for  chemicals  for  which  no  values  are  available  in  IRIS  or 
HEAST.  When  available,  these  values  can  be  accessed  through  the  MA  DEP  Bulletin  Board. 

(4)  Calculation  of  a  slope  factor  or  unit  risk  value  using  toxicity  information  from  the 
literature.  CSFs  and  URs  may  be  derived  by  a  quaUfied  risk  assessor  or  toxicologist  if  none 
of  the  above  sources  provides  a  toxicity  value,  but  adequate  toxicity  studies  are  available,  or  if 
more  recent,  credible  and  relevant  data  becomes  available.  USEPA  approaches  to  development 
of  cancer  slope  factors  are  described  in  several  documents  (USEPA  1989a;  USEPA  1986)  and 
in  ^pendix  B  to  IRES.  The  review  and  approval  by  the  Department  of  such  a  proposed  value 
would  depend  upon  the  justification  and  documentation  provided  to  support  it.  The  development 
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of  an  alternative  value  when  a  USEPA  derived  CSF  or  UR  is  available  in  IRIS  or  HEAST  is 
rarely  justifiable  and  the  risk  assessor  should  contact  the  MA  D£P  Office  of  Research  and 
Standards  early  on  in  the  site  assessment  process  for  prior  approval  before  proceeding. 

7.2.3    Relative  Absorption  Factors  (RAFs) 

The  Relative  Absorption  Factor  (RAF)  is  used  to  account  for  differences  in  the  absorption 
of  a  COC  under  assumed  exposure  conditions  at  the  site  (exposure  route  and  matrix) 
relative  to  the  absorption  of  the  COC  under  the  experimental  conditions  upon  which  the 
dose-response  value  is  based.  RAFs  are  used  in  lieu  of  absorption  efficiencies  to  ensure 
that  the  exposures  evaluated  at  the  disposal  site  are  comparable  to  the  toxicity 
information  identified  in  the  Uterature. 

The  reference  doses,  reference  concentrations,  slope  factors  and  unit  risks  xised  in 
quantitative  risk  assessment  are  typically  based  upon  controlled  laboratory  experiments 
in  which  animal  test  species  are  exposed  in  some  manner  to  the  chemical  under  study. 
Many  important  features  vary  from  study  to  study:  the  test  animal  may  vary  (e.g.,  mice, 
rats,  rabbits  or  even  humans  may  be  used);  the  chemical  may  be  administered  orally, 
dermally,  via  inhalation  or  injected;  and  the  material  may  be  administered  in  different 
matrices  (e.g.,  neat,  dissolved  in  oil  or  mixed  with  food).  At  disposal  sites,  the  exposures 
of  concern  also  vary  widely  and  rarely  correspond  to  the  exact  conditions  under  which  the 
toxicity  information  was  derived.  Typical  site-related  exposure  pathways  include  the 
incidental  ingestion  of  contaminated  soil  by  young  children  and  the  dermal  absorption 
of  a  substance  from  surface  water. 

The  RAF  is  used  to  adjust  the  calculated  exposure  (e.g.,  the  soil  ingestion  exposure  of  a 
child)  in  such  a  way  that  it  is  comparable  to  the  toxicity  information  (e.g.,  derived  from 
a  study  in  which  rats  were  administered  by  gavage  a  chemical  dissolved  in  ohve  oil). 

A  xmique  RAF  should  be  determined  or  estimated  for  a  chemical  for  each  combination 
of  toxicity  value  and  route  of  exposure.  This  means  that  multiple  RAFs  may  be  required 
in  order  to  conduct  the  quantitative  risk  assessment.  To  estimate  an  RAF,  two  factors 
must  be  identified: 

•  the  absorption  efficiency  for  the  chemical  via  the  route  and  medium  of  exposure 
being  evaluated  for  the  disposal  site,  and 

•  the  absorption  efficiency  for  the  route  and  medium  of  exposure  in  the  experimental 
study  which  is  the  basis  of  the  dose-response  value  for  the  chemical  in  question. 

Thus,  the  RAF  adjusts  the  dose  (or  exposure)  estimates  based  on  these  two  absorption 
efficiencies.    The  RAF  is  calculated  as  follows: 
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j^P  ^    Absorption  £^aency^nEro«r./,,.^^e,paw. 
Absorption  Efficiency ^^y  ^^^^^^^^  ^  ^^^ 


(7-2) 


It  is  veiy  important  to  determine  whether  the  toxicity  vahie  is 

based  on  a  absorbed  or  applied  dose.   The  above  equation  is  for  a 

dose  response  value  based  on  an  applied  dose.   If  the  dose 

response  value  has  been  derived  from  an  absorbed  dose,  then 

the  RAF  is  simply  equal  to  the  absorption  efficiency  via  the 

route  and  medium  under  consideration. 


An  example  of  the  calculation  of  an  RAF  for  dermal  exposure  to  benzo(a^yrene 
(carcinogenic  effects)  in  soil  is  presented  in  Example  7.1  (taken  from  MADEP,  1992b). 

RAFs  developed  by  MADEP  Office  of  Research  and  Standards  staff  are  available  through 
the  MA  DEP's  Risk  Assessment  Bulletin  Board.  A  number  of  DEP  derived  RAFs  are 
Hsted  in  the  Toxicity  Information  section  of  the  Risk  Assessment  ShortForm  -  Residential 
Scenario  and  accompanying  docimaentation  (MADEP,  1992b).  USEPA's  Risk  Assessment 
Guidance  for  Superfund  (1989a),  Appendix  A  also  provides  guidance  for  the  'Adjustments 
For  Absorption  Efficiency"  -  a  process  similar  to  the  development  of  RAFs. 

The  risk  assessor  is  reminded  that  an  absorption  efficiency  (or  absorption  factor)  which 
does  not  consider  derivation  of  the  toxicity  values  (Reference  Dose,  Reference 
Concentration,  Slope  Factor  or  Unit  Risk)  is  not  an  RAF. 

7.2.4  Groups  of  Chemicals 

The  discussion  in  this  section  has  focused  on  the  toxicity  information  available  for 
specific  chemicals.  There  are  several  groups  of  closely  related  compounds  for  which 
alternative  approaches  to  the  identification  of  dose-response  values  have  been  proposed 
and  specific  guidance  has  been  requested.   These  groups  include: 

•  Chlorinated  dioxins  and  furans 

•  PolycycUc  Aromatic  Hydrocarbons  (PAHs) 

•  Polychlorinated  Biphenyls  (PCBs) 

•  Total  Petroleimi  Hydrocarbons  (TPH) 

Approaches  to  evaluating  the  toxicity  of  each  of  these  groups  is  described  below. 
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Example  7.1 


EXAMPLE  DERIVATION: 
RAF  for  the  Cancer  Risk  Evaluation  of  Site  Soil  Dermal  Exposures 


The  oral  slope  factor  for  benzo(a)pyrene  (B[a]P)  is  listed  in  IRIS  as  7.3  (mg/kg/day)"'  and  is 
based  on  a  dietary  study  in  mice.  The  oral  absorption  of  C-labeled  B[a]P,  dissolved  in 
peanut  oil  and  administered  by  gavage,  was  studied  in  rats  (Hecht  et  al.,  1979).  Absorption 
was  determined  by  recoveiy  of  label  in  urine  and  feces.  Unchanged  B[a]P  recovered  in  feces 
was  estimated  at  9%  of  the  total  dose,  with  all  other  fecal  radioactivity  (85%  of  applied  dose) 
recovered  as  metabohtes.   This  suggests  an  oral  absorption  efficiency  of  91%. 


.14/ 


The  percutaneous  absorption  of  C-B[a]P  was  studied  in  vivo  in  Swiss  Webster  mice  (Sanders 
et  al.,  1986)  and  in  Sprague-Dawley  rats  (Yang  et  al.,  1986).  Absorption  was  determined  by 
analyzing  radioactivity  in  urine,  feces  and  tissues,  and  by  anal3^is  of  residual  label  at  the  site 
of  application.  Dermal  absorption  efficiency  was  measured  as  40%  (in  mice)  and  6%  (in  rats) 
in  24  hrs.  The  hi^er  value  of  40%  is  selected  as  a  protective  estimate  for  human  dermal 
exposure  to  pure  compound.  In  vitro  estimates  are  lower,  ranging  from  0.1%- 15%  in  humans 
and  animals  (Kao  et  al.,  1985;  Kao  et  al.,  1988)  and  are  not  considered  applicable  to  human 
exposure.  The  in  vivo  percutaneous  absorption  of  soil-adsorbed  B[a]P  was  determined  in  rats 
by  Yang  et  al.  (1989).  The  range  of  absorbed  doses  was  1.3%  -  9.2%  depending  on  the 
amount  of  soil  appUed.  More  efficient  absorption  occurred  at  lower  soil  appUcation  rates. 
Wester  et  al.  (1990)  confirms  a  low  absorption  for  soil-associated  B[a]P  in  the  rhesus  monkey 
with  a  range  of  9%  -  18%.  The  upper  Umit  of  18%  is  selected  as  a  protective  estimate  for 
human  exposure  to  B[a]P  contaminated  soil. 


The  dermal  penetration  of  B[a]P,  applied  as  a  complex  organic  mixture,  seems  to  be 
representative  of  the  dermal  penetration  of  other  PAHs  examined  in  this  study  (Dankovic  et 
al.,  1989)  including  pyrene,  benzanthracene,  benzofluorene,  methylchrysene,  chrysene, 
benzofluoranthene  and  benzo[e]pyrene.  The  disappearance  half-hfe  of  B[a]P  was  6.7  hours 
with  the  other  PAHs  ranging  from  5.0  -  8.8  hours.  The  disappearance  half-life  of  B[a]P  was 
decreased  to  3  hours  when  pure  B[a]P  was  applied  to  skin  in  acetone.  These  data  suggest 
a  50%  decrease  in  dermal  absorption  of  B[a]P  when  appUed  as  an  environmental  mixture 
(20%)  rather  than  as  neat  compound  (40%).  This  compares  closely  with  the  upper  limit  of 
18%  dermal  absorption  efficiency  selected  from  the  study  of  Wester  et  al.(1990)  for  soil- 
associated  B[a]P. 

The  RAF  specific  to  the  cancer  risk  evaluation  of  for  soil  dermal  contact  exposures  would  be 
the  ratio: 


Absorption  EfficiencyB[.,p^^^i,^,^^^^„^    -r   Absorption  Efficiency, 


B(a]P  via  oral  exposure 


RAF    =    0.18  H-  0.91    =    0.2 
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7.2.4.1 


Chlorinated 
and  Furans 


Dioxins 


Table  7.2 


Polychlorinated  dibenzo-p-dioxins 
(PCDDs)  and  polychlorinated 
dibenzifurans  (PCDFs)  comprise  a 
family  of  chemicals  containing  210 
specific  monochlorinated  and 
polychlorinated  congeners.  In  1987, 
USEPA  formally  adopted  an  interim 
procedure  for  estimating  risks 
associated  with  complex 
environmental  mixtures  containing 
PCDDs  and  PCDFs  (BeUin  and 
Barnes,  1987).  The  procedure  used 
a  set  of  toxicity  equivalency 
factors  (TEFs)  to  convert  the 
concentration  of  congeners  into  an 
equivalent  concentration  of 
2,3,7, 8-tetrachlorodibenzo-p-dioxin 
(2,3,7,8-TCDD),  the  most  toxic  of  the 
210  congeners.  The  TEFs  have  been 
reviewed  and  updated  periodically, 
the  most  recent  update  being 
USEPA  (1989b)  and  MADEP 
(Silverman  and  Hutcheson,  1991). 

A  list  of  current  TEFs  is  presented 
in  Table  7.2.  Documentation  of  the 
derivation  of  these  toxicity 
equivalency  factors  is  available  from 
the  MADEP  Office  of  Research  and 
Standards  and  may  be  accessed 
through  the  MA  DEP  BuUetin 
Board. 


MADEP  Derived  Toxicity  Equivalency 

Factors  (TEFs) 

for  Polychlorinated  Dioxins  and 

Dibenzofurans 


Compound 


TEF 


DIOXINS: 

Mono-,  Di-  and  Trichlorinated 

dibenzo-p-dioxins    0.001 

2,3,7,8-Tetrachlorinated  dibenzo-p-dioxin  .  1 

Other  tetrachlorinated  dibenzo-p-dioxins    .  0.01 

2,3,7,8-Pentachlorinated  dibenzo-p-dioxins  0.5 

Other  Pentachlorinated  dibenzo-p-dioxins  .  0.05 

2,3,7,8-HexachIorinated  dibenzo-p-dioxins  0.1 

Other  Hexachlorinated  dibenzo-p-dioxins   .  0.01 

2,3,7,8-Heptachlorinated  dibenzo-p-dioxins  0.1 

Other  Heptachlorinated  dibenzo-p-dioxins  0.01 

Octochlorinated  dibenzo-p-dioxin 0.001 

FURANS: 

Mono-,  Di-  and  Trichlorinated 

dibenzofurans 0.001 

2,3,7,8-Tetrachlorinated  dibenzofuran    ...  0.1 

Other  Tetrachlorinated  dibenzofurans    .  .  .  0.01 

2,3,7,8-Pentachlorinated  dibenzofurans    .  .  0.5 

Other  Pentachlorinated  dibenzofurans  .  .  .  0.05 

2,3,7,8-Hexachlorinated  dibenzofurans  ...  0.1 

Other  Hexachlorinated  dibenzofurans    .  .  .  0.01 

2,3,7,8-Heptachlorinated  dibenzofurans    .  .  0.1 

Other  Heptachlorinated  dibenzofurans  ...  0.01 

Octochlorinated  dibenzofurans 0.001 


from  MADEP  (Silverman  and  Hutcheson,  1991) 


7.2.4.2       Polycylic  Aromatic  Hydrocarbons  (PAHs) 

PolycycHc  aromatic  hydrocarbons  are  a  class  of  structurally  similar  chemical  compounds 
characterized  by  the  presence  of  fused  aromatic  rings.  PAHs  are  typically  formed  during 
the  incomplete  biu-ning  of  organic  material  including  coal,  oil,  gasohne  and  garbage. 
PAHs  are  also  foimd  in  crude  oil,  coal  tar,  creosote  and  asphalt.    PAHs  are  associated 
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Table  7.3 

PAH's  Commonly  Reported  at  C.21E 

Disposal  Sites  and  Carcinogenicity 

Weight-of-Evidence  Classifications 

USEPA' 

lARC^ 

Acenaphthene    

N/A 

N/A 

Acenaphthylene    .... 

D    

N/A 

Anthracene    

D    

3 

B€nz(a)anthracene  .  . 

B2 

2A 

Benz(a)pyrene    

B2 

2A 

Benzo(e)p3rrene    .... 

N/A 

3 

Benzo(b)fluoranthene 

B2 

2B 

Benzo(g,h,i)perylene  . 

N/A 

3 

Benzo(j)fluoranthene 

N/A 

2B 

Benzo(k)fluoranthene 

B2 

2B 

Chrysene 

B2 

3 

Dibenz(a,h,)anthracene 

B2 

N/A 

Fluoranthene 

D    

3 

Fluorene    

N/A 

3 

Indeno(  1 ,2,3-cd)pyrene 

B2 

2B 

2-Methylnaphthalene 

N/A 

N/A 

Naphthalene    

D    

3 

Phenanthrene    

D    

3 

Pyrene     

D    

3 

1  -   U.S.    Knvironmental    Protection   Agency.       B2: 

Probable  Human  Carcinogen;  D:  Not  Classifiable 

2  -   International  Agency  for  Research  on  Cancer. 

2A:  Probable  Human  Carcinogen;  2B:  Passible 
Human  Carcinogen;  3:  Not  Classifiable 
N/A  -  Not  Available 

with  human  activities  (the  combustion 
of  fossil  fuels)  and  natural  occurrences 
(such  as  forest  fires),  and  they  are 
considered  to  be  ubiquitous  in  the 
environment  at  some  level. 

PAHs  are  often  discussed  as  a  group 
because  they  are  commonly  found  as 
mixtures  of  two  or  more  compounds  in 
the  environment.  In  addition,  they  are 
often  treated  similarly  in  risk 
assessments  due  to  their  similar 
structures  and  toxicities.  It  should  be 
noted  that,  while  PAHs  are  often 
discussed  as  a  group,  the  individual 
chemicals  are  evaluated  as  separate 
chemicals  in  the  risk  characterization. 
There  are  over  100  chemicals  in  this 
family  of  compounds,  although  a  smaller 
number  are  routinely  reported  at 
disposal  sites  (Table  7.3).  The  PAH's 
which  are  often  present  at  sites  but  are 
unreported  may  result  in  the 
underestimation  of  potential  risks. 

Among      the      polycyclic      aromatic 

hydrocarbons,  the  USEPA  (IRIS,  1993) 

has     classified     seven     chemicals     as 

probable  human  carcinogens  (identified 

in  Table  7.3  as  USEPA  Class  B2).    The 

classification      of      PAHs      by      the 

International  Agency  for  Research  on 

Cancer  (lARC)  is  fairly  consistent  with  that  of  the  EPA.    PAH's  which  are  considered 

unclassified  (either  N/A,  D  or  3  in  Table  7.3)  may  also  contribute  to  carcinogenic  risk 

(Nisbet  and  LaGoy,  1992)  and  should  not  necessarily  be  assumed  to  be  "noncarcinogens" 

which  would  be  USEPA  Class  E. 

All  PAHs  identified  as  contaminants  of  concern  should  be  evaluated  in  terms  of  potential 
noncancer  risk.  Remember  that  the  carcinogenic  PAHs  may  also  be  associated  with 
noncancer  health  effects  and  must  be  included  in  this  evaluation. 
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Historically,  risk  assessments  involving  PAHs  become  problematic  due  to  the  general  lack 
of  toxicity  information  available  for  many  of  the  compounds  reported  at  disposal  sites. 
The  following  paragraphs  discuss  the  MA  DEP  recommended  approaches  for  the 
evaluation  of  cancer  and  noncancer  risk  of  harm  posed  by  exposure  to  polycyclic  aromatic 
hydrocarbons. 

PAH  Cancer  Risk: 

Until  recently  the  only  cancer  slope  factor  the  USEPA  published  for  PAH's  was  for 
the  chemical  benzo[a]p3n*ene  (B[a]P).  In  the  absence  of  further  chemical-spedfic 
information,  the  EPA  and  MADEP  guidance  instructed  risk  assessors  to  assign  the 
B[a]P  slope  factor  to  all  PAHs  considered  to  be  carcinogenic.  This  approach  was 
considered  to  be  protective  of  pubhc  health  as  benzo[a]pyrene  is  thought  to  be  one 
of  the  most  potent  carcinogens  among  the  PAH's.  In  1993,  USEPA  formally  adopted 
provisional  guidance  for  estimating  cancer  risks  associated  with  polycychc  aromatics 
hydrocarbons  (USEPA,  1993).  The  procedm-e  uses  information  from  the  scientific 
Hterature  to  estimate  the  carcinogenic  potency  of  several  PAHs  relative  to 
benz[alpyrene.  These  relative  potencies  may  be  used  to  modify  the  CSF  developed 
for  benzo[a]pyrene  for  each  PAH,  or  to  calculate  B[a]P-equivalent  concentrations  for 
each  of  the  PAH's  (which  would  then  be  used  with  the  B[a]P  slope  factor).  The  latter 
approach  is  similar  to  that  used  for  the  evaluation  of  dioxins. 


The  relative  potency  values  published  by  the 
USEPA  and  others  (Chu  and  Chen,  1984; 
Clement,  1988;  Nisbet  and  LaGoy,  1992)  are 
being  reviewed  and  may  be  adopted  (perhaps  in 
a  modified  form)  by  MA  DEP  Office  of  Research 
and  Standards.  A  hst  of  the  USEPA  relative 
potency  values  is  presented  in  Table  7.4  for  use 
in  C.21E  risk  characterizations  pending 
pubHcation  of  MADEP  recommended  values 
(which  will  be  available  through  the  MA  DEP 
Bulletin  Board  System). 

PAH  Noncancer  Risk: 


Figure  7.1 


Beazo[a]pyT( 


Indeiio[  1 . 2,3-od]pyreiie 


Fluorantbene 


While  the  USEPA  has  pubUshed  (in  IRIS  and  HEAST)  threshold  effects  toxicity 
information  for  a  number  of  polycyclic  aromatic  hydrocarbons,  for  many  other 
members  of  this  chemical  family  such  information  has  not  yet  been  developed.  In 
order  to  adequately  characterize  the  noncancer  risks  associated  with  these  PAHs, 
MADEP  recommends  that  the  published  reference  dose,  reference  concentration,  or 
analogous  value  for  a  structurally  similar  PAH  be  adopted  for  each  compoimd  for 
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Table  7.4 


which  sufficient  chemical-specific 
toxicological  information  is 
imavailable. 

Examples  of  how  the  potential 
toxicity  of  individual  PAHs  may 
be  evaluated  are  described  in 
Example  7.2. 

7.2.4.3       Polychlorinated 
Biphenyls  (PCBs). 


Relative  Potency  Values  for  Individual 

PAH's: 

(USEPA,  1993) 


Compound 


Acenaphthene    

Acenaphthylene 

Anthracene    

Benz(a)anthracene  .  .  . 

Benz(a)pyrene 

BenzoCb)fluoranthene  . 
Benzo(g,h,i)perylene  .  . 
Benzo(k)fluoranthene  . 

Chrysene 

Dibenz(a,h,  )anthracene 

Fluoranthene 

Fluorene   

Indeno(  l,2,3-cd)pyrene 
2-Methylnaphthalene   . 

Naphthalene    

Phenanthrene    

Pyrene    


Relative 

Potenqr 

Factor 

NA 

NA 
NA 

0.1 

1 

0.1 
NA 

0.01 

0.01 

1 
NA 
NA 

0.1 
NA 
NA 
NA 
NA 


Polychlorinated  biphenyls  (PCBs)  is 

the  name  given  to  the  general  class 

of  compounds  in  which  one  or  more 

chlorine   atoms    are   bonded    to   a 

biphenyl  structure  (Figure  7.2).  The 

PCB   family   is    comprised   of  209 

different  variants,   or   congeners, 

depending    upon    the    number    of 

chlorine  atoms  present  and  their 

position  on  the  biphenyl  structure. 

PCBs     may     also     be     described 

according  to  isomeric  groups,  which 

are   families  of  PCBs  having  the 

same  number  of  chlorine  atoms  and  thus  the  same  molecular  weight.    For  example, 

2,2'-Dichlorobiphenyl  is  one  of  209  chlorinated  biphenyl  congeners  and  one  of  12  possible 

dichlorobiphenyls;  these  12  dichlorobiphenyls  are  considered  isomers  of  each  other. 


NA 


Chemical  is  not  currently  considered  to  be 
carcinogenic  by  USEPA  so  no  relative 
potency  value  is  currently  applicable. 


Figure  7.2 


PCBs  are  typically  found  in  the  environment  as 

mixtures    of   different    PCB    congeners.    These 

mixtures  (also  known  as  Arodors,  a  trade  name  of 

the  Monsanto  Corporation)  are  identified  by  a  four 

digit  mmibering  code  in  which  the  first  two  digits 

(12)    indicate    that    the    parent    molecule    (the 

biphenyl)  has  twelve  carbon  atoms,  and  the  last 

two  digits  indicate  the  percent  chlorine  by  weight. 

Thus,    Aroclor  1260    is    a    chlorinated    biphenyl 

mixture  with  an  average  chlorine  content  of  60%. 

[The  only  exception  to  this  nomenclature  is  Aroclor 

1016,  which  retains  the  name  by  which  it  was  known  during  development.  Aroclor  1016 

is  a  mixture  which  has  an  average  chlorine  percentage  of  41.5%,  making  it  very  similar 


6  6'  5' 

Tie  general  cheoikal  itnictare  of 

Polychlorinated  Biphenyls 
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Example  7.2 


EVALUATION  OF  POLYCYCUC  AROMATIC  HYDROCARBONS  (PAH's) 

Cancer  Risk 

A  polycyclic  aromatic  hydrocarbon  for  which  a  cancer  slope  factor  has  not  been  developed  by  USEPA 
may  be  evaluated  using  the  relative  potency  values  recommended  by  USEPA  (Table  7.4).  These 
values  can  be  used  in  one  of  two  ways  which  are  mathematically  equivalent.  To  illustrate,  let's 
assume  that  Indeno[l^,3-cd]pyrene  was  reported  at  a  disposal  site  at  a  concentration  of 
2mg/kg. 

•  In  the  first  approach,  the  relative  potency  factor  for  indeno[l,2,3-cd]p3rrene  (0.1,  from 
Table  7.4)  is  used  to  estimate  a  cancer  slope  factor  for  this  compound  by  adjusting  the 
slope  factor  for  benzo[a]pyrene  (7.3  mg/kg/day,  from  USEPA  IRIS,  1993): 


CSF 


i[1.2,3<d)p 


=    0.1   X   7.3  (mg/kg/day)"'    =    0.73  (mg/kg/day)' 


The  second  approach  would  be  to  adjust  the  concentration  of  indeno[l,2,3-cd]pyrene 
(2  mg/kg,  in  this  example)  by  the  relative  potency  value  (0.1,  from  Table  7.4)  to 
estimate  a  benzo[a]pyrene  equivalent  concentration,  to  which  the  B[a]P  slope  factor 
would  be  applied: 


B[a]P 


equrv.  cone. 


=    0.1   X   2  mg/kg   =    0.2  mg/kg 


Noncancer  Risk 


A  polycyclic  aromatic  hydrocarbon  for  which  a  reference  dose  (RfD)  has  not  been  developed  Ity 
USEPA  may  be  evaluated  using  a  reference  dose  from  a  structurally  similar  PAH.  Using  the 
example  above,  indeno[l,2,3-cd]p)n^ne  (for  which  there  is  currently  no  RfD)  is  structurally  similar 
to  fluoranthene:  both  chemicals  have  a  5-carbon  ring  structure  bound  to  three  aromatic  rings, 
although  indeno[l,2,3-cd]pyrene  has  two  additional  aromatic  rings  (see  Figure  7.1).  The  reference 
dose  for  fluoranthene  is  0.04  mg/kg/day  (USEPA  IRIS,  1993).  This  value  would  be  adopted  to 
evaluate  potential  noncancer  risks  associated  with  indeno[l,2,3-cd]pyrene. 


to  Aroclor  1242.]  It  is  important  to  note  that  an  Aroclor  mixture  may  contain  dozens  of 
individual  FOB  congeners  representing  several  isomeric  groups. 

As  described  earlier  in  this  section,  MADE?  relies  heavily  upon  the  work  of  the  USEPA 
and  its  published  collection  of  agency-reviewed  toxicity  information  published  primarily 
in  the  Integrated  Risk  Information  System  (IRIS)  and  the  Health  Effects  Assessment 
Summary  Tables  (HEAST).  While  it  is  generally  unnecessary  to  duplicate  the  USEPA's 
efforts  in  developing  toxicity  information,  the  DEP  Office  of  Research  and  Standards  has 
staff  toxicologists  to  fill  data  gaps  or  review  supplemental  information.  The  following  is 
a  summary  of  MADEP's  general  approach  to  the  selection  of  toxicity  information: 
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►  When  it  exists  ,  MADEP  recommends  the  use  of  USEPA  toxicity  information  from  IRIS  or 
HEAST  for  a  given  chemical. 

►  For  mixtures  of  chemicals,  the  USEPA  may  publish  toxicity  information  for  the  mixture  as 
a  whole  or  for  some  constituents  of  the  mixture.  When  information  is  only  available  for 
certain  formulations  of  a  mixture,  or  for  a  limited  number  of  constituents  of  a  mixture, 
MADEP  must,  as  a  mxitter  of  science  policy,  determine  how  the  limited  information  should 
be  extrapolated  to  (a)  other  formulations  of  the  mixture,  or  (b)  the  mixture  as  a  whole. 

For  the  evaluation  of  polychlorinated  biphenyls,  MADEP  has  specific  policies  based  upon 
the  information  available  at  the  time  that  this  document  was  prepared.  The  reader  is 
urged  to  consult  the  MADEP  Office  of  Research  and  Standards  or  the  MADEP  Risk 
Assessment  Bulletin  Board  for  the  current  status  of  this  information.  The  MADEP/ORS 
recommends  the  following: 

►  the  use  of  the  USEPA  derived  CSF  of  7.7  (mg/kg/day)"'  for  all  PCB  mixtures.  "Although  it 
is  known  that  PCB  congeners  vary  greatly  as  to  their  potency  in  producing  biological  effects, 
for  purposes  of  this  carcinogenicity  assessment,  Aroclor  1260  is  intended  to  be  representative 
of  all  PCB  mixtures."  (USEPA  IRIS  file  for  PCBs,  1993) 

►  the  use  of  the  Aroclor-specific  USEPA  derived  chronic,  oral  reference  dose  of 
7  X  lO"*  mg/kg/day  for  Aroclor  1016  (USEPA  IRIS  file  for  Aroclor  1016,  1993).  This  vahie 
may  also  be  applicable  to  PCB  mixtures  containing  similarly  chlorinated  congeners,  su<^  as 
Aroclor  1242. 

►  the  use  of  the  Aroclor-specific  USEPA  derived  chronic,  oral  reference  dose  of 
2  X  10"^  mg/kg/day  for  Aroclor  1254  (USEPA  IRIS  file  for  Aroclor  1254,  1994).  This  value 
may  also  be  applicable  to  PCB  mixtures  containing  similarly  chlorinated  congeners,  such  as 
Aroclor  1260. 

►  the  use  of  other  Aroclor-specific  USEPA  derived  values,  as  they  become  available. 

7.2.4.4       Total  Petroleum  Hydrocarbons. 

The  Total  Petroleum  Hydrocarbon  (TPH)  measure  often  reported  for  c.2lE  disposal  sites 
is  generally  considered  inadequate  for  the  purposes  of  site  specific  risk  assessment.  The 
commonly  used  infra-red  (IR)  analysis  technique  does  not  identify  individual  compounds 
or  related  groups  of  constituents.  The  mixture  of  petroleum  hydrocarbons  reported  as 
the  TPH  parameter  includes  a  wide  range  of  compounds  of  different  toxicities.  Thus,  the 
health  effects  (or  the  risk  of  such  effects)  associated  with  exposure  to  particular 
concentrations  of  "TPH"  cannot  be  determined. 
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The  MADEP  Bureau  of  Waste  Site  Cleanup  is  developing  a  "Policy  for  the  Investigation, 
Assessment  and  Remediation  of  Petroleum  Releases"  (or  the  Petroleum  Poh(y)  which  will 
include  a  section  entitled  "Interim  Final  Petroleum  Report:  Development  of  a  Health 
Based  Alternative  to  the  TPH  Parameter"  That  document  identifies  an  alternative  to  the 
TPH  parameter  which  can  be  used  to  conduct  site-specific  risk  assessments  and  the 
document  will  propose  dose-response  values  to  be  used  with  the  specified  analytical 
parameters.  The  key  element  of  the  poUcy  is  that  the  proposed  analytical  technique 
would  allow  the  quantification  of  several  ranges  of  compoimds  (rather  than  a  single  TPH 
resxilt)  and  each  range  would  be  assigned  a  "reference  compound"  whose  toxicity  would 
be  representative  for  aU  chemicals  in  that  range. 

The  interim  final  report,  Development  of  a  Risk  Based  Alternative  to  the  TPH  Parameter 
(MADEP,  1994a)  is  currently  available  through  the  MA  DEP  Bulletin  Board  and  the  State 
Bookstore. 

7.2.5  Recommended  Format 

Tables  7.5  and  7.6  present  recommended  formats  for  presentation  of  dose-response 
information  for  threshold  and  nonthreshold  effects,  respectively. 

For  threshold  effects,  separate  tables  should  be  presented  for  chronic  and  subdironic 
effects.   Information  that  should  be  presented  in  the  table  includes: 

Name 

Toxicity  value 

Source  of  toxicity  value  (i.e  IRIS,  HEAST) 

Date  that  the  toxicity  value  was  last  verified 

Study  Type  -  how  the  OHM  was  administered 

Confidence  Level  -  identified  by  USEPA 

Critical  Effect  -  target  organ  and  toxic  effect  on  which  the  dose-response  value  is 

based 

Test  Animal  -  animal  species  on  which  the  study  is  based 

Uncertainty  of  modifying  factors  -  factors  hsted  by  agency  generating  the  toxicity 

value 
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For  nonthreshold  effects,  the  information  that  should  be  presented  in  the  table  includes: 


Name 

Potency  Value  or  Unit  Risk 

Source  of  toxicity  value  (i.e  IRIS,  HEAST) 

Date  that  the  toxicity  value  was  last  verified 

Study  Type  -  how  the  OHM  was  administered 

Weight  of  Evidence  -  USEPA  weight  of  evidence  classification 

Test  Animal  -  animal  species  on  which  the  study  is  based 

Cancer  type  -  tumor  type  hsted  by  the  agency  estabUshing  the  toxicity  value 


7.3       EXPOSURE  ASSESSMENT  -  CONCEPTS 

The  exposure  assessment  is  a  critical  component  of  the  site  assessment  process  as  it 
describes,  both  quahtatively  and  quantitatively,  the  contact  between  the  contamination  and 
the  people  who  are  potentially  affected  by  the  contamination.  The  exposure  assessment 
must  be  consistent  with  the  primary  questions  asked  in  the  risk  characterization  process: 

Given  the  current  and  identified  foreseeable  uses  of  the  site,  would  the  oil  or  hazardous  material 
present  pose  significant  risk  of  harm  to  health,  safety,  public  welfare  or  environment  if  no 
further  remedial  action  were  to  occur? 

or 

If  a  proposed  remedial  alternative  is  implemented  and  meets  its  identified  remediation  goals, 
will  a  condition  of  no  significant  risk  of  harm  to  health,  safety,  public  welfare  and  the 
environment  be  achieved  given  the  current  and  identified  foreseeable  uses  of  the  site? 

Whether  the  risk  characterization  is  a  baseline  assessment  (which  answers  the  first 
question)  or  an  evaluation  of  a  proposed  remedial  alternative,  the  exposure  assessment  must 
incorporate  site  conditions  associated  with  both  current  use  and  identified  foreseeable  uses 
of  the  site  and  siurounding  environment.  In  this  context  site  use  or  site  activity  are  short- 
hand references  for  the  exposures  to  site  contaminants  which  could  occiu*  at  or  near  the 
disposal  site. 

There  are  two  important  results  of  the  exposure  assessment:  exposure  profiles  and 
quantitative  estimates  of  exposure.  An  exposure  profile  is  a  narrative  description  of  the 
exposures  which  may  occur  at  the  disposal  site,  and  the  information  is  often  summarized  in 
one  or  more  tables  for  easy  reference.  The  quantification  of  exposure  translates  the 
narrative  exposure  profile  into  a  series  of  exposure  equations  resulting  in  numerical 
estimates  of  exposure.  These  numerical  estimates  are  subsequently  used  in  the  risk 
calculations. 
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Baselin    Risk  Characterizations 

Baseline  risk  characterizations  evaluate  the  "no  action''  alternative:  What  risks  would  be  posed  by 
the  contamination  if  no  remedial  action  were  taken?  If  risk  reduction  measures  have  already  been 
completed,  then  the  basehne  risk  characterization  would  evaluate  the  risks  if  no  further  remedial 
action  were  taken. 

Anticipated  or  proposed  remedial  actions  or  land  use  restrictions  should  never  be  incorporated  into 
a  baseline  risk  characterization,  as  it  would  no  longer  be  an  evaluation  of  the  "no  action"  alternative. 
By  extension,  completed  Immediate  Response  Actions  (IRS's),  Release  Abatement  Measures  (RAM's) 
or  Utility-related  Abatement  Measures  (URAM's)  can  be  considered  in  a  baseline  risk 
characterization  only  if  tiiey  are  considered  to  he  permanent. 

For  example,  temporary  fencing  of  an  area  as  an  Immediate  Response  Action  to  eliminate  direct 
contact  with  contaminated  soils  should  not  be  incorporated  into  a  baseline  risk  characterization. 
Rather,  the  conditions  which  would  exist  in  the  absence  of  the  IRA  should  be  evaluated  to  determine 
the  need  for  a  permanent  solution:  the  exposure  assessment  would  assume  that  no  fence  is  in  place. 
If,  however,  a  completed  IRA,  RAM  or  URAM  permanently  changes  the  exposure  potential  at  a 
disposal  site  (e.g.,  the  complete  removal  and  disposal  of  contaminated  soil),  that  impact  of  that 
permanent  response  action  would  be  considered  in  the  baseline  assessment. 


7.3.1    Development  of  Exposure  Profiles 

Exposure  profiles  provide  the  narrative  description  of  how  exposure  takes  place  at  the 
disposal  site.  The  exposure  profiles  assist  the  risk  assessor  in  identifying  appropriate 
values  for  the  exposure  variables  (such  as  intake  rate,  frequency  of  exposure,  etc..)  by 
providing  a  context  within  which  the  variables  have  meaning.  Exposure  profiles  are 
sometimes  referred  to  as  "exposure  scenarios". 

An  exposiu-e  profile  should  be  developed  for  each  of  the  receptors  identified  for  all 
current  and  foreseeable  uses  of  the  site.  The  number  and  content  of  the  exposure 
profiles  will  vary  from  site-to-s.te,  reflecting  the  nature  and  complexity  of  the  exposures 
which  may  occur. 

There  are  also  several  ways  to  streamline  this  process  and  minimize  the  number  of 
exposure  profiles  needed.  If  the  current  use  of  the  site  is  assumed  to  remain  luichanged 
into  the  futxire,  then  separate  exposure  profiles  need  not  be  developed  for  both  the 
current  and  future  receptors.  For  example,  if  a  residential  area  is  being  evaluated  and 
the  land  is  likely  to  remain  residential,  it  is  unnecessary  to  construct  exposiu^e  profiles 
to  represent  other  uses.  For  a  property  where  the  frequency  and  intensity  of  exposure 
is  low,  it  is  also  possible  to  assume  that  the  use  and  activities  will  remain  the  same,  but 


Guidance  for  DUpoMl  Site  Interim  Final  Policy  WSC/ORS-9S-141 

Risk  CharM^teriution  MassachusetU  DEP,  July  IMS 

7  -24 


this  assumption  requires  an  activity  and 
use  limitation,  as  detailed  in  Section  2.1 
of  this  Guidance  Document. 

Another  situation  conducive  to 
streamlining  exposure  profiles  is  when 
two  (or  more)  hypothetical  receptors  share 
the  same  exposures  but  the  magnitude  of 
exposure  is  demonstrably  greater  for  one. 
In  this  case,  a  detailed  exposure  profile 
may  be  developed  for  the  highly  exposed 
receptor,  accompanied  by  the  conclusion 
that  lesser  exposed  receptors  will  also  be 
protected. 

The    USEPA    Guidelines    for    Exposure 

Assessment    (1992)    describes    exposure 

scenarios  (exposure  profiles)  as  containing 

the  "facts,  data,  assumptions,  inferences, 

and  sometimes  professional  Judgement" 

about    how    the    exposures    take    place. 

Since     these     factors     determine     the 

magnitude   of  exposure   (and   thus   the 

magnitude  of  the  risk  posed  by  the  disposal  site)  it  is  important  that  there  be  a  clear 

description  and  summary  of  this  information.     The  exposure  profiles  allow  anyone 

concerned  about  the  disposal  site  to  read  and  imderstand  what  was  considered  in  the  risk 

characterization  and  what  was  the  basis  for  the  decision  on  the  need  for  remedial  action. 

Note  that  the  information  which  goes  into  an  exposure  profile  (the  receptors,  exposure 
points,  exposure  point  concentrations,  etc..)  comes  from  the  site  investigation.  Thus  the 
investigation  must  be  designed  in  such  a  way  to  provide  the  risk  assessor  with 
information  suitable  for  the  risk  characterization.  These  exposure  attributes  are 
interrelated  (e.g.,  the  location  of  the  exposure  points  depends  on  the  migration  of  the 
OHM  and  the  activities  of  the  receptors)  so  the  information  should  be  collected  and 
processed  in  an  iterative  manner.  The  following  subsections  discuss  the  specific 
information  which  must  be  gathered  for  the  risk  characterization,  presented  in  the  site 
assessment  report  or  the  documentation  of  the  risk  characterization  and  siunmarized  in 
the  exposiu-e  profiles. 


Risk  Characterizations  for 
Remedial  Alternatives 

A  risk  characterization  for  a  remedial 
alternative  is  performed  to  determine  whether 
that  action  will  achieve  (if  the  alternative  is 
proposed)  or  has  achieved  (if  the  alternative 
has  been  implemented)  a  condition  of  No 
Significant  Risk. 

The  conclusions  of  the  risk  characterization 
report  must  be  explicit  about  the  conditions 
and  assumptions  upon  which  tiie  risk 
characterization  is  based.  Sections  40.0923(4) 
and  (5)  of  the  MCP  require  that  such 
conditions  and  assumptions  (such  as  Activity 
and  Use  Limitations,  or  the  implementation  of 
a  remedial  measure)  be  clearly  and  condsely 
stated  and  it  must  be  noted  that  the  results  of 
the  risk  characterization  are  only  valid  upon  if 
and  when  the  remedial  measures  (including 
AULs)  are  carried  out. 
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7.3.1.1  Site  Information 
Required  to  Quantify 
Ebcposures 

The  exposure  assessment  begins  with 
a  description  of  the  physical 
characteristics  of  the  disposal  site. 
This  information  is  typically  collected 
as  part  of  a  Phase  I  (310  CMR 
40.0480)  or  Phase  H  (310  CMR 
40.830)  site  investigation,  although 
the  type  of  information  needed  and 
the  appropriate  level  of  detail  should 
reflect  the  nature  and  complexity  of 
the  site  as  well  as  point  in  time  at 
which  the  risk  characterization  is 
being  performed.  Relevant  site 
information  would  include: 

•  the  address  and  location  of  the 
disposal  site; 

•  a  detailed  map  of  the  site  and 
surrounding  area; 

•  a  description  of  the  land  uses  at 
and  surrounding  the  disposal  site; 

•  a  listing  and  description  of  natural 
resources  and  vegetation  at  or 
near  the  disposal  site  (e.g.,  surface 
waters,  wetlands,  forests,  grassy 
areas,  etc...); 

•  a  summary  of  the  use  of  oil  or 
hazardous      material      and      a 

description    of   any    known    and  ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

relevant  releases  which  may  have 

occurred; 

•  a  summaiy  of  site  hydrogeological  characteristics,  including  depth  to  groundwater,  direction 
and  rate  of  flow,  soU  types,  etc... 

•  a  siunmary  of  background  concentrations  of  oil  or  hazardous  materials 


WHO  9...WHAT  ?...WHEN  ?...WHERE  ?..JIOW  ? 

The  Exposure  Profile  should  contain  information  to 
completely  describe  each  receptor's  exposures  to  oil 
or  hazardous  material  at  the  disposal  site. 

•  Who  is  exposed?  The  exposure  profile  should  be 
developed  for  each  receptor  Ukely  to  be  present 
at  the  disposal  site  or  in  the  surrounding 
environment,  and  who,  as  a  result,  would  likely 
be  exposed  to  OHM. 

•  Where  does  the  exposure  occur?  Is  the 
contamination  hmited  to  the  area  near  the 
original  source,  or  has/will  migration  of 
contaminants  result  in  potential  exposures  at  a 
more  distant  point? 

•  What  are  the  receptors  exposed  to?  What  oil  or 
hazardous  materials  are  present  at  the  disposal 
site?  What  concentrations  of  the  material  have 
been  reported? 

•  When  does  the  exposure  occur?  Are  the 
exposures  likely  under  current  site  conditions,  or 
will  the  exposure  be  of  concern  if  the  site  use 
changes  in  the  future? 

•  How  does  exposure  occur,  and  how  often?  What 
receptor  actions  or  activities  result  in  contact 
with  the  oil  or  hazardous  material?  Do  these 
events  happen  every  day  or  are  they 
incidents? 


rare 


Some  of  this  information  may  be  available  through  the  Massachusetts  Geographic 
Information  System  (MASS-GIS)  which  provides  color  plots  or  digital  data  of  wetland 
areas,  sole  source  aquifers,  endangered  species  habitats  and  other  natural  resoiu-ce  areas. 
Several  data  packages  have  been  developed  specific  to  c.2lE  site  investigations.  For  a  full 
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listing  of  available  data,  contact  MassGIS,  EOEA  Data  Center,  20  Somerset  Street, 
Boston,  MA  02108,  (617)  727-3888. 

7.3.1.2       Identification  of  Potential  Human  Receptors 

Section  40.0921  of  the  Massachusetts  Contingency  Plan  contains  regulations  specific  to 
the  identification  of  receptors  at  c.21E  sites. 

The  documentation  of  the  risk  characterization  should  contain  a  description  of  the 
potentially  exposed  persons  who  Uve,  work,  play,  visit,  or  otherwise  come  to  the  disposal 
site  or  the  surroimding  environment.  In  identifying  these  receptors,  the  risk  assessor 
must  consider  not  only  those  people  currently  associated  with  the  disposal  site,  but  also 
those  who  may  frequent  the  site  in  the  future  if  the  use  of  the  site  were  to  change  (See 
the  discussion  on  Current  and  Foreseeable  Use,  Section  2.1). 

The  himMin  receptors  are  described  as  subpopulations  (subsets  of  the  more  diverse  overall 
population  of  Massachusetts)  rather  than  specific  individuals  so  that  the  results  of  the 
risk  characterization  can  be  generahzed.  For  example  "children'',  a  specific,  identifiable 
group  within  the  larger  general  population  of  humans,  are  often  identified  as  receptors 
of  concern  at  C.21E  disposal  sites.  (H5rpothetically  a  risk  assessor  could  identify  a  specific 
(real)  child  who  hves  at  the  site  and  conduct  a  risk  assessment  based  upon  that  child's 
physical  characteristics  and  behavioral  patterns,  but  the  result  of  such  an  assessment 
would  be  vaUd  only  for  that  child  and  could  not  be  generahzed  to  other  children  who  may 
visit  the  site  or  hve  there  in  the  future.)  Note,  though,  that  while  the  receptors  are 
described  in  terms  of  "subpopidations"  or  "subgroups",  the  product  of  the  risk  assessment 
is  still  an  estimate  of  the  risk  that  apphes  to  the  protection  of  an  individual  within  that 
group.    The  MCP  focuses  on  individual  risk,  jwt  population  risk. 

The  receptor  groups  are  described  in  terms  that  highUght  their  relationship  to  the  site 
and  the  unique  characteristics  of  the  subpopulation.  For  example,  the  term  site  residents 
describes  a  diverse  group  which  hves  (or  may  in  the  future  hve)  at  the  disposal  site.  For 
the  purposes  of  the  risk  characterization  the  site  residents  should  be  further  divided  into 
subpopulations  based  upon  gender  and  age  if  those  factors  are  indicative  of  a  higher 
exposure  potential  or  greater  susceptibility  to  environmental  contamination.  Young 
children  and  women  of  child-bearing  age  are  often  chosen  as  receptors  of  concern  in 
residential  locations  because  of  these  factors.  At  industrial  locations,  adults  may  be  the 
most  susceptible  receptors.  Identification  of  the  most  sensitive  subpopulation  should  be 
done  on  a  site  by  site  basis. 
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Example  7.3 

EXAMPLE  RECEPTOR:    Site  Resident                                        1 

Ebcposure  of  Concern/ 
Health  Endpoint 

Typical  Subpopulation(s) 
Evaluated 

Discussion 

Acute  Exposiire, 
Noncancer  Effects 

2  year  old  child 
22  year  old  woman 

The  yoxmg  child  is  of  concern  for  acute  exposures  (typically   || 
1  event  or  several  expostu-es  over  a  short  period  of  time) 
due    to    the    higher    expostue    potential    while    potential 
developmental  effects  could  be  of  concern  for  the  woman  of  || 

child-bearing  aige. 

Subchronic  Exposure, 
Noncancer  Effects 

2  year  old  child 
22  year  old  woman 

The  yoting  child  is  of  concern  for  subchronic  exposures 
(typically  2  weeks  to  a  year)  due  to  the  hi^er  exposure 
potential  while  potential  developmental  effects  coxild  be  of 
concern  for  the  woman  of  child-bearing  age. 

Chronic  Exposures, 
Noncancer  Effects 

1-8  year  old  child 

A   yoTing   child    would    typically    experience    the    highest 
exposure  in  a  residential  setting.     Chronic  exposures  to 
adults    would   not   have   to   be   specifically   evaluated   for 
noncancer  health  effects  unless  the  adult  is  assumed  to  take 
part  in  activities  which  would  result  in  unusually  high 
exposures. 

Chronic  Expoexu^s, 
Cancer  Risk 

Resident  1-31  years  old 

Since  the  magnitude  of  the  cancer  risk  is  dependent  upon 
the  total  amount  of  material  contacted,  a  30  year  exposure 
which  incorporates  the  age  groups  which  experience  the 
highest  rates  of  exposing  should  be  evaluated. 

I 


Thus  to  adequately  evaluate  the  "site  residents"  the  risk  assessor  may  need  to  look  at 
several  specific  receptors  to  insure  that  all  sensitive  subpopulations  are  being  protected. 
Example  7.3  describes  typical  receptors  who  might  be  chosen  to  evaluate  a  residential 
exposure  scenario. 

By  focusing  on  the  subpopulations  experiencing  the  highest  rates  of  exposiu^e  the  risk 
assessor  may  conclude  that  all  other  subpopulations  at  the  location  would  be  subject  to 
lower  exposiu-es  and  risks  than  those  calculated.  Figure  7.3  illustrates  how  exposure  may 
vary  by  age  and  highhghts  periods  of  high  exposure  which  may  need  to  be  evaluated  by 
the  risk  assessor. 

7.3.1.3       Identification  of  Exposure  Points 

For  receptors  to  be  exposed  to  a  contaminant  at  or  from  a  disposal  site,  a  realistic 
pathway  must  be  estabUshed  leading  from  the  source  of  the  oil  or  hazardous  material  to 
the  receptor.  The  point  at  which  the  contact  occurs  is  referred  to  as  the  exposure  point 
(or  "exposure  setting").  Potential  exposiu-e  points  must  be  identified  per  310  CMR 
40.0924.  The  route  by  which  the  material  travels  from  the  source  to  the  exposure  point 
is  called  the  migration  pathway. 


Goidance  for  DispouU  Site 
Rick  Chancterixation 


Interim  Final  Policy  WSC/ORS-95-141 
MassacbusetU  DEP,  July  1995 


7  -  28 


Figure  7.3 

Exposure  Rate  vs  Age 
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The  migration  pathway  describes  the  movement  of  the  material,  and  it  is  com.prised  of 
three  parts:  a  release  source,  a  release  mechanism,  and  a  release  (or  transport)  medium. 
The  documentation  of  the  risk  characterization  must  describe  the  soiu-ce  of  the  OHM, 
how  the  material  was  released  to  the  environment  and  its  movement  through  the 
environment.  This  information  is  routinely  gathered  during  site  investigations  (see  310 
CMR  40.0904),  but  it  is  restated  here  in  terms  used  by  risk  assessors.  A  simple  example 
of  a  migration  pathway  would  be  the  volatilization  of  a  chemical  from  a  driun  to  indoor 
air,  where  the  source  of  the  OHM  is  the  drum,  the  release  mechanism  is  volatilization, 
and  the  transport  medium  is  the  air.  A  migration  pathway  may  include  several  transport 
media. 


Source 


Migration  Pathway 


Exposure  Point 
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Pipe    Discharge  Leaching  Migration  Well 

Potential  points  of  exposure  may  be  distant  from  the  original  source  material,  so  the  risk 
assessor  must  consider  the  cxu-rent  and  future  migration  pathways  to  identify  all  potential 
exposure  points. 

The  regulations  also  require  that  hot  spots  (Section  2.2)  be  identified  as  separate  and 
distinct  exposure  points  for  purposes  of  risk  characterization  (310  CMR  40.0924(2)).  This 
requirement  ensures  that  areas  with  high  relative  contamination  will  not  simply  be 
averaged  into  a  wider  area  of  lesser  contamination,  thus  minimizing  (or  diluting)  their 
potential  impacts.  (The  MCP  describes  a  number  of  risk  reduction  tools  (IRAs,  RAMs, 
URAMs)  which  can  and  should  be  used  to  address  hot  spots  in  a  timely  fashion,  thus 
reducing  overall  site  risks  in  an  efficient,  cost-effective  manner.) 

While  the  regulations  and  guidance  use  the  term  exposure  point,  the  term  may  actually 
describe  an  area  of  a  disposal  site  or  siu*rounding  environment  and  not  necessarily  a 
single,  discrete  point.  The  exposure  point  should  be  an  area  within  which  the  receptor 
has  an  equal  likelihood  of  exposure,  such  as  "a  backyard"  or  "a  schoolyard".  If  there  are 
areas  within  the  site  which  receptors  frequent  at  a  higher  rate  (such  as  the  area 
surrounding  playground  equipment  within  a  larger  schoolyard)  then  those  areas  should 
be  evaluated  as  separate  and  distinct  exposure  points.  Figure  7.4  depicts  a  site  within 
which  there  are  two  areas  that  should  be  evaluated  separately  (in  addition  to  the  area 
of  generalized  contamination)  as  exposiu^e  points:  a  hot  spot  and  a  playground. 
Additional  examples  of  exposiu-e  points  include: 

•  an  area  where  people  come  into  contact  with  contaminated  soil, 

•  a  drinking  water  well  or  a  potential  drinking  water  well  location 

•  a  building  into  which  air  contaminants  are  migrating  and  accumulating  in  the  indoor  air 

•  an  area  in  which  ambient  air  contains  elevated  levels  of  site-related  contaminants 

In  general,  an  exposure  point  for  soil,  sediment  or  surface  water  should  be  delineated  by 
the  distribution  of  oil  or  hazardous  material  in  the  environmental  medium.  For  example, 
for  soil,  an  exposure  point  should  be  a  contaminated  area  within  which  the  exposiu-e  of 
concern  is  likely.  The  area  outside  the  boundaries  of  the  contamination  should  not  be 
included  in  the  exposure  point,  and  data  from  those  areas  should  not  be  included  in  the 
concentration  estimate.    There  are  two  reasons  for  this  recommendation: 

1)  There  is  rarely  enough  information  on  current  small-scale  exposure  patterns  in  the 
vicinity  of  a  contaminated  area,  for  example  a  residential  yard,  to  justify  assumptions 
about  the  relative  amoimt  of  time  spent  in  the  area  known  to  be  contaminated. 


Guidance  for  DispoMJ  Site  interim  Final  Policy  WSC/ORS-a5-14I 

Risk  Cbaracteriiatioa  MassachusetU  DEP,  July  1SN5 

7-30 


2)  The  full  areal  extent  of  contamination  is  not  always  known,  unfortunately,  at  the  time 
of  the  risk  characterization.  Sample  collection  is  often  focused  on  the  areas  where 
contamination  is  expected  and/or  obvious,  and  other  areas  are  not  fully  characterized 
(although  those  areas  may  be  contaminated  as  well).  The  practice  of  treating  the 
contaminated  area  as  the  entire  exposure  provides  a  conservative  estimate  of 
exposure. 

There  may  be  some  situations  where  the  default  approach  described  above  is  not 
appropriate.  In  cases  where  the  extent  of  soil  contamination  is  well  defined  and  clearly 
constitutes  only  a  fraction  of  the  area  over  which  the  receptor  group  of  concern  is  equally 
likely  to  be  exposed,  the  exposure  point  may  be  an  area  that  is  somewhat  larger  than  the 
contaminated  area.  The  best  example  of  a  situation  where  this  exception  might,  be 
appUed  is  a  residential  back  yard.  If  a  resident  is  equally  likely  to  contact  the  soil  at  any 
locations  within  the  yard,  and  if  the  contaminated  area  has  been  clearly  delineated  and 
found  to  comprise  only  a  fraction  of  the  yard,  the  risk  assessor  may  opt  to  define  the 
entire  backyard  as  the  exposure  point. 


When  considering  whether  the  exposure  point  should  cover  an  area  larger  than  that 
which  is  contaminated,  the  scale  of  the  contaminated  area  relative  to  the  anticipated 
exposure  pattern  is  an  important  consideration.  For  example,  consider  a  vacant  lot  where 
children  are  likely  to  play.  If  ^  of  a  2000  ft^  lot  were  contaminated,  it  may  be  reasonable 
to  assume  that  activity  levels  and  exposures  in  the  500  ft^  contaminated  area  are  not 
likely  to  be  any  higher  than  those  in  the  rest  of  the  lot.  However,  if  the  ^  of  a  one  acre 
lot  is  contaminated,  it  would  be  more  difficult  to  justify  the  assumption  that  activity 
levels  in  the  h  acre  that  is  contaminated  will  never  be  higher  than  in  the  surroimding 
area. 


Another  important  consideration  is  whether  the  foreseeable  activities  are  likety  to  result 
in  more  intense  or  more  frequent  exposures  in  some  areas  than  in  others.  For  example, 
in  play  parks,  exposiu*e  intensity  at  any  location  depends  upon  the  landscaping,  the 
pattern  of  open  space  and  the  layout  of  equipment.  If  a  small  area  of  surface  soil  located 
within  a  large  park  were  contaminated,  the  risk  assessor  may  not  be  able  to  rule  out  the 
possibihty  that  exposm*es  to  individual  children  will  not  be  higher  in  that  area  than  in 
other  areas  of  the  park.  Therefore  it  would  be  more  appropriate  to  designate  the 
contaminated  area  alone  as  the  exposure  point,  and  not  the  entire  park. 

The  burden  to  demonstrate  that  the  designation  of  an  exposure  point  is  appropriate  and 
conforms  with  this  guidance  rests  with  the  risk  assessor.  The  dociunentation  of  the  risk 
characterization  should  present  summary  tables  describing  the  migration  pathways 
identified  and  the  exposure  points  to  be  evaluated. 
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7.3.1.4  Identification  of  Exposure  Routes 

The  raechanisin  by  which  a  receptor  comes  into  contact  with  the  oil  or  hazardous 
material  is  called  the  Exposure  Route.  Typical  exposure  routes  described  at  C.21E 
disposal  sites  include: 

•  INGESTION  of  contaminated  soil,  water  or  food 

•  INHALATION  of  contaminated  air  or  fugitive  dust 

•  DERMAL  ABSORPTION  from  contaminated  water,  soil  or  sediments 

Remember  that  a  receptor  may  be  exposed  to  oil  or  hazardous  material  at  one  or  more 
exposiu^e  points,  and  that  at  each  exposure  point  the  receptor  may  be  exposed  via  one 
or  more  routes.  The  exposure  profile  for  the  receptor  should  describe  such  multiple 
exposiu-e  scenarios  in  a  way  which  makes  clear  to  the  reader  that  the  combination  of 
exposures  to  the  receptor  is  being  addressed  in  the  risk  assessment. 

7.3.2.5  Identification  of  Exposure  Pathways 

The  Exposure  Pathway  is  the  term  used  to  describe  the  course  that  the  oil  or  hazardous 
material  takes  from  the  source  of  the  material  to  the  receptor  of  concern.  The  term 
encompasses  the  source,  the  migration  pathway,  the  exposiu-e  point,  the  receptor  and  the 
exposure  route. 

Exposure  Pathway: 

Source  ,,.      ^      „  ,,  Exposure  Point  „  r>     .   Receptor 

Migration  Pathway  ExposureRoute 

Thus  the  Exposure  Profile  (or  exposure  scenario)  developed  for  each  receptor  would 
describe,  in  narrative  and  tabular  form,  the  circiunstances  imder  which  the  receptor  is 
exposed.  The  exposure  profile  may  be  relatively  simple  if  a  single  receptor  group  is 
exposed  at  one  location  via  one  route  of  exposure.  Exposures  at  C.21E  sites  are  generally 
a  bit  more  complex,  however.  A  receptor  group  may  be  exposed  to  the  oil  or  hazardous 
material  through  a  number  of  exposure  routes  at  several  locations.  Figure  7.5  illustrates 
a  situation  in  which  there  is  one  receptor,  one  source  of  OHM,  a  migration  pathway  and 
four  exposure  routes.  (There  are  also  four  exposure  pathways,  as  there  are  four  routes 
by  which  chemicals  may  move  from  the  source  to  the  receptor.)  Example  7.4 
demonstrates  how  a  more  complex  example  may  be  clearly  presented  in  a  tabular  format. 
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7.3.2    Basic  Approach/ Assumptions 


Figure  7.5 


Graphic  Presentation  of  an 
Exposure  Profile 


The  basic  approach  which  should  be 
taken  in  an  exposure  assessment 
under  the  MCP  is  to  produce  an 
assessment  which  is  reaUstic  and 
health  protective.  The  regulations 
(310  CMR  40.0992(2))  stipulate  that 
the  objective  of  a  Method  3  risk 
characterization  is  to  provide  a 
conservative  estimate  of  the  impact 
that  the  oil  and/or  hazardous 
material  may  have  on  the  receptors  at 
the  site  and  in  the  surrounding 
environment.  The  assessment  should 
not  be  a  "worst  case''  exposure 
assessment  unless  there  are  site- 
specific  justifications  for  performing 
such  an  evaluation.  (Worst  case 
assessments  are  useful  screening  tools 
which  may  demonstrate  that  risks  are 
clearly  insignificant,  but  they  are  not 
useful  in  determining  whether 
realistic  risks  are  actually  significant.) 
Conversely,  the  assessment  should  not  represent  an  "average  case"  which  may 
imderestimate  potential  risks  experienced  by  a  large  portion  of  the  exposed 
subpopulation,  and  thus  would  not  be  considered  to  be  health  protective.  This  section 
presents  guidance  on  identifying  receptor  groups  that  are  likely  to  be  most  susceptible 
to  contamination  at  the  site,  and  on  selecting  exposure  parameters  that  will  result  in  an 
appropriately  conservative  estimate  of  risk  to  that  receptor  group. 


Receptor 


Nimaerous  attempts  have  been  made  to  define  a  combination  of  exposure  assumptions 
which  would  result  in  a  reasonable  yet  health-protective  exposure  assessment.  USEPA 
(1989)  defined  a  Reasonable  Maximum  Exposure  (RME)  as  "the  maximum  exposure 
that  is  reasonably  expected  to  occur  at  a  site"  and  recommended  specific  exposure  factors 
(USEPA,  1991)  to  be  used  to  evaluate  the  RME.  More  recently  (USEPA,  1992)  the 
concept  of  "high-end"  exposure,  dose  and  risk  estimates  has  been  introduced: 

The  high-end  risk  is  taken  to  be  a  plausible  estimate  of  the  risk  for  persons  at  the  upper 
end  of  the  risk  distribution.  The  intent  of  the  high-end  descriptor  is  to  convey  an 
estimate  of  risk  in  the  upper  range  of  the  distribution,  but  to  avoid  estimates  that  are 
beyond  the  true  distribution.    Conceptually,  high-end  risk  means  risks  beyond  the  90~ 
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percentile  of  the  population  distribution,  but  not  higher  than  the  individual  in  the 
population  who  has  the  highest  risk.  The  discriptor  is  intended  to  estimate  the  risks 
that  are  expected  to  occur  in  small  but  definable  high-end  segments  of  the  subject 
population.  The  use  of  'above  the  90~  percentile"  in  the  definition  is  not  meant  to 
precisely  define  the  range  of  this  descriptor,  but  rather  to  clarify  what  is  meant 
conceptually  by  high-end. 

Example  7.4 


Exposure  Profile  Summary  Table                                            | 

Receptor 

Age 

Exposure  Point 

Ebcposure  Route 

Resident 

Yoimg  Child, 
age  1-6 

Residential  Backyard 

Soil  Dermal  Contact 

Soil  Ingestion 

Inhalation  of  Volatilized  Material 

Ingestion  of  Groundwater 

School  Playground 

Soil  Dermal  Contact 

Soil  Ingestion 

Inhalation  of  Fugitive  Dust 

Older  Child  and 

Adtilt, 

age  7  -  30 

Residential  Backyard 

• 

Soil  Dermal  Contact 

Soil  Ingestion 

Inhalation  of  Volatilized  Material 

Ingestion  of  Groundwater 

Figure  7.5  graphically  depicts  the  "high-end"  exposure  range  (from  USEPA,  1992)  from 
a  hypothetical  distribution  of  site  exposure  for  a  specified  subpopulation. 

MADEP  has  in  the  past  recommended  (MADEP,  1992b)  that  the  exposure  assessments 
identify  the  average  exposure  for  the  Maximally  Exposed  Individual  (MEI)  of  a  specified 
receptor  group.  The  term  "Maximally  Exposed  Individual"  is,  therefore,  a  misnomer  for 
that  receptor  of  concern  since  the  evaluation  would  focus  on  the  averase  individual 
within  this  subpopulation. 

For  the  purposes  of  Method  3  Risk  Characterizations  performed  under  the  MCP,  the 
receptor  subpopulation  of  concern  would  be  characterized  by  those  individuals  whose 
activities  (described  by  the  frequency  and  duration  of  the  actions)  represent  a  full  and 
unrestricted  use  of  the  site  (considering  the  current  and  foreseeable  uses  identified)  and 
who  are  most  susceptible  to  the  contamination  at  the  site.  The  quantitative  exposure 
assessment  should  describe  a  conservative  estimate  of  a  representative  individual  within 
that  subpopulation.  (Note  that  the  "fullest  use"  does  not  necessarily  mean  that  the 
highest  possible  values  for  exposure  frequency  and  duration  should  be  used.) 
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Figure  7.5 

Schematic  of  Exposure  Estimators  for  Unbounded  Simulated 

Population  Distributions 
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HIGH  END  EXPOSURE 


The  subpopulations  or  receptor  groups  evaluated  in  the  quantitative  risk  assessment 
should  represent  the  most  susceptible  individuals  and  groups  of  all  of  those  who  are 
exposed  to  contamination  at  the  site  in  question.  Higher  susceptibihty  is  used  here  to 
mean  a  higher  probabihty  of  experiencing  adverse  impacts  as  a  result  of  exposure. 
Susceptibihty  is  determined  by  the  combination  of  the  intensity  of  exposure  and  the 
sensitivity  to  toxic  effects  combined.  Examples  of  receptor  groups  that  are  often 
identified  as  the  most  susceptible  subpopulations  include  those  described  below: 

•  In  typical  residential  areas,  children  are  usually  considered  among  the  most 
susceptible  receptors  because  (1)  their  activities  are  likely  to  result  in  more 
intense  exposures  than  those  of  adults,  (2)  they  are  beheved  to  intake  higher 
amounts  of  soil  by  incidental  ingestion,  and  (3)  all  other  things  being  equal,  their 
lower  body  weights  result  in  higher  normahzed  doses.  Note  that  the  first  two 
factors  relate  to  higher  exposure  intensity,  while  the  third  translates  to  higher 
sensitivity,  all  of  which  combine  to  make  children  generally  more  susceptible  than 
adults  to  the  contamination. 

•  In  typical  industrial  areas,  adults  who  work  at  the  site  are  often  considered  as  one 
of  the  most  susceptible  subgroups  because  their  exposure  frequency  is  higher  than 
for  others  who  may  be  exposed  on  occasion. 


Gaidance  for  Disposal  Site 
Risk  Characterization 


interim  Final  Policy  WSC/OKS45-141 
MassacliiuetU  DEP.  My  199S 


7  -35 


•  Occasionally,  pregnant  and/or  nursing  women  may  be  identified  as  a  highly 
susceptible  subgroup.  The  effe  ^  -  of  concern  in  these  cases  may  be  developmental 
effects  on  fetuses  and  babies,  not  necessarily  etfects  on  the  mother  herself. 
Fetuses  are  considered  more  sensitive  than  adults  to  some  contaminants  because 
a  one-day  exposure  may  be  sufficient  to  cause  adverse  developmental  effects. 
Babies  are  more  susceptible  because  they  may  be  exposed  to  significant  levels  of 
fat-soluble  contaminants  which  may  become  concentrated  in  mother's  milk. 
Because  of  their  low  body  weight,  a  baby's  exposure  can  lead  to  a  relatively  high 
normalized  dose.  Babies  and  young  children  are  also  more  sensitive  than  adults 
to  the  toxic  eff'ects  of  some  substances,  metals  in  particular. 

It  is  worth  noting  that,  although  we  have  often  spoken  in  terms  of  the  "most  sensitive 
receptors",  most  of  the  factors  that  lead  to  a  higher  susceptibility  are  in  fact  related  to 
exposure  intensity,  and  not  necessarily  a  greater  sensitivity  to  the  toxin.  While  higher 
sensitivity  to  a  toxin  may  be  an  important  consideration,  it  is  seldom  addressed 
quantitatively  in  health  risk  assessments,  because  the  same  toxicity  values  are  generally 
(perhaps  unfortunately)  apphed  to  all  subgroups. 

Exposure  assessments  should  use  mid-range  estimates  of  exposure  parameters,  such  as 
such  as  intake  rates,  contact  rates  and  bodyweights,  which  are  known  to  vary  among 
individuals  with-n  the  specified  receptor  group.  The  arithmetic  mean  of  concentrations 
at  exposure  pomts  are  recommended  (See  Section  7.3.3.5)  for  use  in  the  exposure 
calculations.  Again,  note  that  the  values  used  for  frequency  and  duration  of  exposure 
should  reflect  realistic  values  for  receptors  making  the  fullest  use  of  the  site  or  resource 
(given  the  current  and  future  uses  determined  for  the  location)  while  considering  climatic 
conditions  in  Massachusetts. 

This  mix  of  mid-range  and  conservative  values  is  intended  to  produce  realistic  upper-end 
exposure  estimates  which  will  be  protective  of  public  health  and  produce  risk  estimates 
which  will  be  vahd  for  comparison  to  the  MCP  Cumulative  Risk  Limits.  For  exposure 
assessments  performed  using  probabiUstic  techniques  (such  as  Monte  Carlo  analysis)  the 
MCP  stipulates  that  the  95'^  percentile  value  of  the  resulting  exposure  distribution  for 
the  specified  receptor  subpovulation  be  used  to  calculate  risk  estimates. 

For  risk  assessors  attempting  to  meet  the  regulatory  requirements  of  both  the  MADEP 
and  the  USEPA,  the  risk  estimates  calculated  using  the  USEPA  "high  end"  exposures 
would  likely  be  equal  to  or  higher  than  those  estimates  using  the  MADEP  approach. 
Thus,  cleanup  decisions  based  upon  such  "high  end"  estimates  (used  with  the  MCP  risk 
management  criteria)  are  hkely  to  meet  the  requirements  of  the  MCP,  even  though  the 
specific  mix  of  exposure  parameters  used  in  the  calculations  will  be  different  in  the 
different  programs. 
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Exposure  estimates  calculated  as  described  herein  are  considered  to  be  protective  of 
public  health  in  that  they  are  not  likely  to  be  underestimates  of  the  "true  risk"  for 
individuals  in  the  specified  receptor  subpopulation. 

7.3.3    Quantitative  Estimations  of  Exposure 

Once  exposure  profiles  have  been  developed  describing  the  contaminants  of  concern, 
exposure  points,  exposiu*e  point  concentrations  and  the  receptors  of  concern,  the 
potential  exposures  experienced  by  the  receptors  are  quantified.  This  information  will 
then  be  used  to  estimate  risk,  as  described  in  Section  7.4. 

This  section  of  the  guidance  describes  (a)  the  differences  between  exposure  and  dose,  (b) 
the  different  types  of  doses  which  may  be  employed  in  the  risk  assessment,  (c)  the 
common  factors  used  to  estimate  exposure,  and  (d)  the  pathway-specific  equations 
employed  to  quantify  exposure. 

7.3.3.1       Concepts  and  Terminology 

The  concept  of  exposiu*e  is  complex,  and  the  numerical  value  calculated  by  the  risk 
assessor  will  depend  upon  the  natiu-e  of  the  exposure  pathway  under  investigation,  the 
duration  of  the  exposure,  and  the  health  effects  associated  with  the  chemicals  of  concern. 

The  US  EPA  Exposure  Assessment  Group  defines  exposure  as  the  amount  of  material  in 
contact  with  an  organism  and  available  for  absorption.  The  material  which  reaches  the 
organism's  absorption  barrier  (such  as  the  skin,  Ixmg  or  gastrointestinal  tract)  is  referred 
to  as  the  applied  dose,  while  the  absorbed  (or  internal)  dose  is  defined  as  the  amoxmt  of 
material  which  actually  crosses  the  organism's  exchange  boundary.  [Note  that  exposure 
is  often  thought  of  as  the  "potential  dose"  and  taken  as  an  approximation  of  the  appUed 
dose,  as  it  represents  the  amoimt  which  could  be  absorbed  if  it  were  100%  bioavailable. 
Figure  7.6  (adopted  from  USEPA,  1992)  illustrates  the  differences  in  these  terms  for  the 
dermal,  respiratory,  and  oral  routes  of  exposure. 

The  type  of  exposure  or  dose  used  to  characterize  risk  will  depend  upon  the  exposure 
pathway  under  evaluation  and  the  nature  of  the  toxicity  information  available  for  each 
chemical: 

•  Typically  respiratory  exposures  are  evaluated  using  the  exposure  point  concentration  in 
combination  with  a  published  Reference  Concentration  or  Unit  Risk  value. 

•  Oral  and  dermal  exposures  are  typically  evaluated  by  modifying  the  applied  dose  with  a  Relative 
Absorption  Factor  (RAF)  to  insure  that  the  calculated  exposure  is  comparable  to  the  Reference 
Dose  or  Cancer  Slope  Factor  employed.    (See  Section  7.2  for  a  discussion  of  RAFs.) 
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Where  appropriate,  the  equations 
given  in  the  following  pages  include  a 
Relative  Absorption  Factor.  Under 
certain  conditions  the  quantitative 
estimate  of  exposure  will  in  fact  be  an 
estimate  of  the  applied  dose  (or 
exposure)  rather  than  an  absorbed 
dose.  For  simphcity,  the  term 
"average  daily  dose"  is  used  to 
describe  the  product  of  an  "average 
daily  exposure"  and  a  Relative 
Absorption  Factor. 

7.3.3.2       Types  of  Average  DaUy 
Doses 

The  equations  presented  below 
outline  the  procedure  for  the 
calculation  of  an  Average  Daily  Dose 
of  an  oil  or  hazardous  material. 
Depending  upon  the  duration  of  the 
exposure  imder  evaluation  and  the 
type  of  health  effect  (cancer  or 
noncancer)  of  concern,  the 
calculations  may  5deld  one  of  several 
results: 


Figure  7.5 
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•  Lifetime  Average  Daily  Dose  (LADD):  A  LADD  in  units  of  milligrams  per  kilogram  body 
weight  per  day  (mg/kg/day)  should  be  calculated  to  estimate  carcinogenic  risk.  The  total  intake 
during  that  exposure  is  normaHzed  to  a  lifetime,  taken  to  be  75  years.  [Note  that  exposure  may 
occur  for  all  or  some  fraction  of  the  receptor's  lifetime.l 

•  Chronic  Average  Daily  Dose  (ADD^^^^^^  Chronic  human  exposures  are  defined  by  MADEP 
to  be  those  lasting  seven  years  or  more.  The  ADDgj,^^,^;^  (in  units  of  mg/kg/day)  is  calculated  for 
the  characterization  of  potential  noncancer  risk  resulting  from  long-term  exposures,  and  the 
value  must  be  an  estimate  of  exposure  experienced  by  the  receptor  during  the  period  of  exposure. 


Subchronic  Average  Daily  Dose  (ADD^^^^^^^^^^^:  Subchronic  human  exposures  are  defined  by 


The  ADD,„^,^^  (in  units  of 


MADEP  to  be  those  lasting  from  several  days  up  to  seven  years, 
mg/kg/day)  is  calculated  for  the  characterization  of  potential  noncancer  risk  associated  with  such 
mid-range  exposures,  and  the  value  must  be  an  estimate  of  exposure  experienced  by  the  receptor 
during  the  period  of  exposure. 
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•  Acute  Average  Daily  Dose  (ADD^:  The  Acute  exposure  may  range  from  the  instantaneous 
to  those  lasting  up  to  several  days,  and  the  ADD^^^^  (in  units  of  mg/kg/day)  is  calculated  for  the 
evaluation  of  potential  noncancer  risks  resulting  from  such  short-term  exposures. 

Inhalation  risks  are  characterized  by  calculating  the  exposure  concentration 

rather  than  the  dose.  Therefore,  the  terminology  used  for  inhalation  exposures  differs 
from  that  used  for  ingestion  and  dermal  exposures.  To  estimate  carcinogenic  risk  from 
an  inhalation  exposure,  the  Lifetime  Average  Daily  Exposure  (LADE)  (milhgrams  per 
cubic  meter  air  per  day)  is  calculated  rather  than  the  LADD.  To  estimate  risks  of  non- 
cancer  effects  from  inhalation  exposxu*es,  the  Average  Daily  Exposure  (ADE)  is  calculated 
for  chronic,  subchronic  and  acute  exposures  rather  than  the  ADD. 

Note  that  it  is  often  necessary  to  calculate  several  different  daily  doses  of  a  chemical  to 
a  receptor  in  order  to  evaluate  all  relevant  exposure  scenarios.  For  chemicals  which  are 
considered  carcinogenic,  a  lifetime  average  daily  dose  must  be  calculated  as  well  as  all 
appropriate  average  daily  doses  (chronic,  subchronic  and/or  acute)  for  the  evaluation  of 
noncancer  health  risks.  For  noncarcinogens,  all  appropriate  average  daily  doses  (chronic, 
subchronic  and/or  acute)  must  be  calculated. 

7.3.3.3       General  Form  of  Dose  Equations 

The  general  form  of  the  equations  to  estimate  average  daily  exposure  (ADE)  and  average 
daily  dose  (ADD)  is  presented  as: 

ADjp  _  (Total  Amount  of  OHM  Contacted)  r7.3> 

(Averaging  Period) 

and 

A  nn  -  (Total  Amount  of  OHM  Contacted)  *  (Relative  Absorption  Factor)         (j^\ 

(Body  Weight)  *  (Averaging  Period) 

Note  that  "dose"  is  taken  to  be  "exposure"  normahzed  to  the  receptor's  body  weight  and 
adjusted  for  absorption/bioavailabihty  (as  described  in  section  7.2.3). 

At  C.21E  disposal  sites  it  is  common  to  have  situations  where  a  receptor  may  be  exposed 
to  a  chemical  through  multiple  exposiu-e  pathways,  such  as  ingesting  contaminated  soil 
and  absorbing  the  material  following  dermal  contact  with  contaminated  soil.  In  such 
cases,  the  doses  of  an  oil  or  hazardous  material  received  via  different  routes  of  exposure 
are  assumed  to  be  additive  unless  there  is  strong  evidence  otherwise. 
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Cumulative 
Risk 


=  5^   53   (Chemical;,  Exposure  Pathway^) 


(7-5) 


General  equations  for  the  calculation  of  Average  Daily  Dose  are  presented  in  this  section 
for  some  frequently  encountered  exposure  pathways.  These  equations  are  not  intended 
to  represent  the  universe  of  potential  models  and  they  must  be  tailored  to  site-specific 
conditions.  It  is  expected  that  additional  exposure  pathways  may  be  identified,  and  an 
average  daily  dose  may  be  calculated,  using  appropriate  models,  for  each  receptor  of 
concern. 

There  are  a  number  of  common  exposure  factors  that  are  employed  in  virtually  all  of  the 
exposure  equations,  and  the  discussion  which  follows  describes  some  of  the  issues  which 
may  arise  when  using  these  elements.  Exposure  factors  which  are  specific  to  a  particular 
pathway  are  discussed  in  the  subsection  which  presents  the  equations  for  that  pathway. 

The  daily  dose(s)  of  each  OHM  calculated  for  each  potential  receptor  should  be 
smnmarized  in  the  risk  characterization  report  in  a  manner  which  is  clear  and  concise. 
Summary  tables  presenting  the  equations  and  the  exposure  assimiptions  used  to  calculate 
the  daily  dose  should  also  be  presented  and  well  referenced. 

7.3.3.4       Descriptions  of  General  Exposure  Factors 

There  are  eight  exposure  factors  which  recur  throughout  the  equations  used  to  estimate 
the  dose  of  oil  or  hazardous  material  experienced  by  a  potential  receptor: 


Chemical  Concentration 
Body  Weight 
Frequency  of  Exposure 
Duration  of  the  Exposure  Event 
Duration  of  the  Exposure  Period 
Relative  Absorption  Factor 
Averaging  Period 
Units  Conversion  Factors 


These  factors  are  generally  used  in  the  same  manner  regardless  of  the  exposure  pathway 
under  investigation,  so  it  is  useful  to  discuss  them  separately. 

Chemical  Concentration 

The  concentration  of  the  oil  or  hazardous  material  used  to  quantify  exposure  is  the 
Exposure  Point  Concentration,  or  EPC,  described  in  section  7.3.4.5.  The  exposure 
point  concentration  is  expressed  in  terms  of  mass  of  the  material  per  unit  mass  (or 
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volume)  ofthe  exposure  medium:  mg^^Jkg^,,  MoHw/liter^,^^,  and  MgoHMMair-  When 
concentrations  are  expressed  in  terms  of  parts-per-million  (ppm)  or  parts-per-billion 
(ppb),  care  must  be  taken  to  convert  the  concentrations  to  the  appropriate  units. 

Soil,  sediment,  food:  1  mg/kg    =    1  jig/g    =    1  ppm 

1  /ig/kg    =    1  ppb 

Water  1  mg/Uter    =    1  ppm 

1  fig/hter    =    1  ppb 

■^^  mg  Ippm  *M.W. 

^  "  22.4  *-JL-  .-JZ  "-«> 

273°  ii:    imTorr 

0  o 

Where  T  is  the  air  temperatiire  (often  assumed  to  be  25  C  or  298  K)  and  P  is  the 
atmospheric  pressxire  (often  assumed  to  be  1  atmosphere  or  760  Torr),  and  M.W.  is  the 
molecular  weight  of  the  chemic£d  under  evaluation. 

The  exposure  point  concentration  is  represented  in  these  exposure  equations  by  the 
term:  [OHMJ^^p^^^^^^j^j^.  The  exposure  point  concentration  should  not  be  adjusted  for 
receptor  exposure  frequency,  duration,  etc...  as  those  factors  are  generally  addressed 
in  the  exposure  calculations. 

Body  Weight 

A  receptor's  body  weight  is  relevant  throughout  the  dose  equations  as  dose  is 
expressed  in  terms  of  mass  of  contaminant  per  imit  body  weight  per  day  (mg/kg/day). 
When  each  receptor  of  concern  is  identified,  the  receptor  is  often  described  in  terms 
of  occupation  (resident,  construction  worker),  age  (a  child  age  1  to  6  years)  and 
sometimes  gender.  The  receptor's  body  weight  is  dependent  upon  its  age  and  gender. 
Since  body  weight  is  easily  measured,  there  are  numerous  summaries  of  age  and 
gender-specific  body  weights.  A  table  of  such  values  used  by  ORS  is  included  in 
Appendix  B. 

The  receptor  body  weight  (BW,  typically  expressed  in  kilograms,  kg)  must  be  matched 
to  the  age  and  gender  identified  in  the  exposure  profile.  Since  exposure  is  often 
assumed  to  occur  over  a  period  of  several  years,  the  changes  in  body  weight  \n^ch 
might  occur  during  the  period  of  exposure  must  also  be  considered.  (See  section 
7.3.3.6  for  the  mathematical  treatment  of  age  groups.) 

Even  within  a  given  age/sex  combination,  there  is  some  variabihty  of  body  wei^t  for 
that  subpopulation:  some  8  year  old  boys  weigh  more/less  than  other  8  year  old  boys. 
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This  variation  is  well  defined,  and  the  distribution  of  body  weights  for  this 
subpopulation  of  concern  may  be  used  as  part  of  a  probabilistic  assessment  of 
exposure.  For  evaluations  requiring  a  point  estimate  of  body  weight,  ORS 
recommends  using  the  50th  percentile  body  weigh  for  that  subpopulation,  unless 
there  is  strong  evidence  that  the  potentially  exposed  subpopulation  is  biased  in  some 
manner.  Note  that  for  a  normal  distribution,  the  50th  percentile  approximates  the 
arithmetic  mean. 

Frequency  of  Exposure  and  Duration  of  the  Exposure  Event 

A  receptor  may  be  exposed  to  oil  or  hazardous  material  continuously,  at  regular 
intervals,  or  in  a  sporadic  manner.  The  Frequency  of  Exposure  (EF)  and  the 
Duration  of  the  Exposure  Event  (ED)  in  combination  describe  the  pattern  of  exposure 
being  modelled. 

The  frequency  of  exposure  term  describes  how  often  the  exposure  event  occurs  over 
a  given  period  of  time.  The  term  answers  the  questions:  How  many  times  a  day  does 
exposure  occur?.  How  many  times  per  week?,  per  month?,  per  year?  Exposure 
Frequency  may,  in  fact,  be  a  string  of  terms  which  ultimately  reduce  to  one 
expression: 


levent     3  days     4  weeks     12  months 

* x_  * ♦ 


day        week      month 


year 


144  events 
year 


(7-7) 


The  Duration  of  the  Exposure  Event,  as  the  name  implies,  describes  how  long  each 
individual  exposure  event  might  last.  The  term  is  somewhat  more  complex  than  it 
sounds,  however,  because  it  must  be  consistent  with  the  scale  of  the  contact  rate  for 
the  exposure  being  modelled.  For  some  exposure  pathways,  the  information  available 
describing  Lhe  contact  rate  is  broken  down  to  a  small  scale  (such  as  hours).  The 
respiratory  pathway  is  perhaps  the  best  example  of  this  case  as  ventilation  (breathing) 
rates  are  often  measured  and  expressed  in  terms  of  cubic  meters  per  hour,  and 
breathing  occurs  throughout  the  day.  For  such  exposures  ED  may  be  described  as 
some  number  of  hours/event.  More  common,  however,  are  contact  rates  which  are 
on  the  scale  of  days  rather  than  hours.  The  ingestion  pathway  is  typical  of  this  case. 
While  estimates  have  been  pubhshed  on  the  amount  of  water  ingested  during  a  dayy 
there  can  be  no  reliable  estimate  of  average  hourly  ingestion  rates  as  drinking  water 
is  a  sporadic  event  depending  upon  thirst  and  habit.  For  such  exposures  (including 
drinking  water  ingestion,  soil  ingestion  and  dermal  contact)  ED  is  bv  definition 
1  day/event.  During  that  "1  event"  the  receptor  is  assumed  to  receive  the  daily 
intake  of  the  contaminant. 
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Duration  of  the  Exposure  Period 

The  exposure  period  (EP)  describes  the  length  of  time  over  which  the  receptor  conies 
into  contact  with  the  oil  or  hazardous  material.  The  exposure  period  depends  upon 
the  type  of  activities  which  lead  a  receptor  to  be  exposed.  Remember  that  the 
receptor  may  be  exposed  continuously,  at  regular  intervals,  or  sporadically,  depending 
upon  the  activity  being  modelled,  so  the  exposure  period  would  be  the  length  of  time 
between  the  first  exposvire  experienced  and  the  last.  The  EP  term  is  typically 
expressed  as  some  unit  of  time:   days,  months,  years. 

Averagfing  Period 

The  equations  which  follow  calculate  average  daily  doses  or  average  daily  exposures, 
and  the  averaging  period  (AP)  is  the  time  (in  days,  months  or  years)  over  which  the 
total  intake  is  normahzed. 

Remember  that  a  Lifetime  Average  Daily  Dose  (LADD)  is  calculated  for  the  evaluation 
of  cancer  risk.  While  the  duration  of  the  exposure  period  (EP)  might  range  from  one 
day  to  an  entire  lifetime,  the  total  intake  during  that  exposiu-e  is  normalized  to  75 
years  (a  lifetime).  The  averaging  period  is  thus  assigned  a  value  of  75  years,  and,  for 
exposiu*es  lasting  less  than  a  hfetime,  the  values  for  EP  and  AP  will  be  different. 

For  the  evaluation  of  noncancer  risk,  however,  the  Average  Daily  Dose  calculated 
should  be  representative  of  the  exposiue  received  while  exposure  is  on-going  (ie., 
during  the  exposure  period).  Thus  the  duration  of  the  exposvire  period  (EP)  and  the 
averaging  period  (AP)  for  an  chronic,  subchronic  or  acute  Average  Daily  Dose  are 
variable  factors  depending  upon  the  exposxure  being  modelled,  hut  the  AP  is  set  equal 
to  EP  by  definition. 

Relative  Absorption  Factor 

As  described  in  the  Dose-Response  section  of  this  guidance,  the  Relative  Absorption 
Factor  (RAF)  relates  the  exposure  and  absorption  estimated  for  the  exposure  pathway 
under  evaluation  to  the  exposure  and  absorption  in  the  toxicological  study  on  whidi 
the  dose-response  information  is  based.  The  RAF  is  dimensionless  and  is  chemical 
and  pathway  specific. 

Units  Conversion  Factors 

One  of  the  most  valuable  habits  a  risk  assessor  can  develop  is  to  routinely  conduct 
dimensional  analyses  on  the  equations  used  to  quantify  exposure.  The  exposure 
factors  and  analytical  data  used  for  a  given  calculation  may  come  in  several  forms. 
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EXPOSURE  DURATION  (EP)  and 
AVERAGING  PERIOD  (AP) 

The  Averaging  Period  (AP)  used  in  the  equations  to  calculate  dose  will  be  equal  to  the 
Exposure  Period  (EP)  for  the  evaluation  of  noncancer  risks.  When  estimating  cancer  risk, 
AP  is  always  equal  to  a  lifetime  (75  years)  while  EP  may  vary  depending  upon  the 
exposure  imder  investigation: 

Ebuunple:  The  risk  assessor  is  asked  to  evaluate  the  carcinogenic  risk  associated  with  a  ten  year 
exposure  to  chemical  A.  Estimation  of  carcinogenic  risk  requires  the  calculation  of  a 
Lifetime  Average  Daily  Dose.  Thus,  the  Averaging  Period  used  for  calculating  the 
LADD  would  be  75  years  while  the  Exposure  Period  would  be  equal  to  10  years. 

The  risk  assessor  is  also  asked  to  evaluate  the  likelihood  of  non-carcinogenic  health 
effects  associated  with  that  same  ten  year  exposure.  The  assessor  would  calctilate  an 
Average  Daily  Dose  Chronic  (ADDgf,^^^^^)  where  EP  =10  years  and  AP  =10  yrs. 


For  example,  ventilation  rates  may  be  expressed  as  cubic  meters  per  day  or  liters  per 
hour;  exposure  point  concentrations  in  drinking  water  may  be  in  milligrams  per  liter 
or  micrograms  per  liter.  Dimensional  analysis  will  reveal  whether  units  conversion 
factors  are  necessary  to  insure  that  the  result  of  the  calcxilation  (the  dose)  is 
expressed  id  the  correct  imits  (mg/kg/day). 

Use  of  a  units  conversion  factors  (C)  is  equivalent  to  multiplication  by  one.  The 
numerator  and  denominator  of  the  factor  must  be  an  equivalent  quantity  expressed 
in  different  terms.  It  is  not  luicommon  to  need  several  conversion  factors  in  the  same 
equation  to  reconcile  the  dimensions  of  mass,  volume  and  time. 


EXAMPLES  OF  UNITS  CONVERSION  FACTORS  (C) 

The  numerator  and  denominator  may  be  reversed 

Relationship 

depending  upon  the  form  of  the  equation. 

1,000,000  mg  =  1  kg 

C  =  10'  mg/kg 

C  =  10"*  kg/mg 

1  year  =  365  days 

C  =  365  d/yr 

C  =  0.00274  yr/d 

1,000  hters  =  1  meter^ 

C  =  10'  1/m' 

C  =  10"'  m^ 

Coidance  for  Dlspo«al  Site 
Risk  Characterisaiioo 


7  -44 


Interim  Final  Policy  WSC/OBS-9S-141 
Masuchuaetts  OCP,  J«ly  1995 


7.3.3.5       Estimating  Exposure  Point  Concentrations  -  General  Considerations 

Sampling  and  Analysis 

To  assure  that  site  sampling  efforts  provide  adequate  data  for  the  risk  assessment,  the 
sampling  and  analysis  plan  should  be  developed  in  consultation  with  the  risk  assessor. 
Analytical  data  is  collected  during  the  site  investigation  to  fully  characterize  the  nature, 
extent,  severity  and  horizontal  and  vertical  distribution  of  the  oil  and  hazardous  materials 
at  the  disposal  site.  Some  or  all  of  the  data  obtained  may  be  used  for  the  risk 
assessment.  The  data  obtained  or  selected  for  the  risk  assessment  must  be 
representative  of  actual  and  foreseeable  exposures,  and  it  must  be  compatible  with  the 
dose  response  value  that  will  be  used  in  the  assessment. 

Averaging 

The  exposure  point  concentration  should  represent  the  arithmetic  mean  of  the 
concentrations  to  which  an  individual  may  be  exposed  over  the  exposure  period  at  the 
exposure  point. 

As  previously  stated,  the  exposure  point  concentration  should  be  compatible  with  the 
toxicity  values  that  wlQ  be  used  to  characterize  health  risks.  Chronic  and  subchronic 
reference  doses  are  generally  based  on  time-weighted  averages  of  exposure  concentrations 
used  in  toxicological  experiments,  and  are  expressed  in  terms  of  an  allowable  average 
daily  dose.  Therefore,  the  exposure  point  concentrations  used  with  those  reference  doses 
should  approximate  the  time  weighted  average  concentration  to  which  the  receptor  may 
be  exposed  at  the  exposiu-e  point  during  the  exposvire  period  being  evaluated.  Cancer 
slope  factors  are  also  based  on  an  average  daily  dose,  and  exposure  point  concentrations 
for  evaluating  cancer  risks  should  represent  the  average  daily  dose  for  a  30  year 
exposure. 

Four  types  of  exposures  are  routinely  evaluated  in  disposal  site  risk  assessments:  (1) 
acute  (typically  24  hour  exposures),  (2)  subchronic  (several  months  to  seven  years) 
exposures  to  substances  with  non-carcinogenic  effects,  (3)  chronic  exposures  (greater  than 
seven  years)  to  substances  with  non-carcinogenic  effects  and  (4)  lifetime  exposures 
(typically  30  years  and  averaged  over  a  lifetime  of  75  years)  to  carcinogens.  For  each  type 
of  exposure,  the  risk  assessment  should  focus  on  the  time-segment  dining  which  the 
highest  dose  is  likely  to  be  received.  The  exposure  point  concentration  should  be  a 
conservative  estimate  of  the  average  exposure  concentration  over  that  period  of  time. 
For  example,  to  evaluate  three  month  subchronic  drinking  water  exposure  when  the 
concentration  in  the  water  supply  is  known  to  fluctuate  seasonally,  the  exposure  point 
concentration  should  represent  the  highest  average  to  which  a  person  could  be  exposed 
within  a  three  month  time  frame. 
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Acute  Exposures 

For  acute  exposure  assessments,  the  exposure  point  concentration  should  represent  a 
conservative  estimate  of  the  concentration  to  which  a  receptor  might  be  exposed  over  the 
period  of  one  day.  Generally,  the  highest  detected  concentration  should  be  employed 
when  one-time  exposiu-e  could  result  in  adverse  health  effects. 

Using  Qualified  Data 

Non-Detects 

In  estimating  exposiu-e  point  concentrations,  it  is  not  imcommon  for  the  risk  assessor 
to  be  presented  with  analytic  data  for  a  chemical  at  the  site  which  includes  a  number 
of  samples  reported  to  be  below  the  Method  Detection  Limit  (MDL).  Such  results  are 
referred  to  as  "Non-Detects". 

Non-Detect  results  may  be  classified  into  two  general  situations.  First,  if  a  chemical 
is  truly  not  present  at  the  disposal  site  (virtually  all  the  samples  are  reported  as  Non- 
Detect),  and  there  is  no  history  of  a  release  of  that  chemical,  then  the  risk  assessor 
may  conclude  that  the  chemical  should  be  dropped  from  the  quantitative  risk 
assessment.  Second,  if  the  chemical  is  reported  at  the  site  at  concentrations  ranging 
from  Non-Detect  to  some  site  maximum,  the  risk  assessor  may  conclude  that  the 
reported  Non-Detects  actually  represent  a  distribution  of  concentrations  between  zero 
and  the  MDL.  These  Non-Detect  results  contribute  to  the  information  known  about 
the  disposal  site  and  should  be  incorporated  into  the  quantitative  risk  assessment  in 
a  meaningful  way.  (There  is  a  third  possible  situation,  where  the  spatial  pattern  of 
positive  and  Non-Detect  results  indicate  that  contamination  is  locahzed  to  specific 
areas.   This  would  represent  a  combination  of  the  previous  two  examples.) 

There  are  several  options  for  the  treatment  of  "Non-Detects"  described  in  the 
Uterature  (Travis,  1990;  Helsel,  1990;  Klassen,  1986  and  Slymen  et  al.,  1994).  The 
methodologies  described  include  the  use  of  log-probit  analysis,  maximum  likelihood 
estimation  and  probability  plotting  procedures.  The  level  of  effort  and  niunber  of 
data  points  required  to  effectively  employ  these  methods  vary,  and  the  risk  assessor 
is  encoiu'aged  to  exercise  professional  judgement  in  the  selection  of  a  method  to  treat 
Non-Detect  results. 

For  estimating  exposure  point  concentrations  at  most  C.21E  sites,  the  Department 
beheves  that  a  more  straightforward  approach  is  often  appropriate.  When  a 
contaminant  is  detected  or  likely  to  be  present  in  the  area  under  investigation  and 
the  laboratory  reports  the  concentration  of  an  OHM  in  a  sample  taken  from  the  area 
as  "Non-Detect",  the  concentration  of  the  OHM  in  that  sample  should  be  assumed  to 
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be  one-half  of  the  Sample  Quantitation  Limit  (SQL).  The  SQL  is  the  actual 
quantitation  limit  for  each  analysis,  and  it  accounts  for  sample  dilution  that  may 
occur.  If  only  the  Method  Detection  Limit  is  reported,  and  if  the  sample  is  heavily 
contaminated  with  any  constituent,  the  risk  assessor  should  attempt  to  determine 
whether  the  sample  was  diluted.  For  samples  that  have  been  diluted  (a  factor  of  10 
is  not  unusual),  the  risk  assessor  could  substantially  underestimate  the  concentration 
by  using  the  Method  Detection  Limit  or  the  Practical  Quantitation  Limit  as  a  basis 
for  the  estimate. 

This  methodology  is  simple  and  easy  to  use.  These  benefits  must  be  weighed  against 
the  bias  which  is  introduced  in  the  resulting  EPC  estimate.  The  Non-Detect  method 
selection  should  also  consider,  the  often  high  level  of  uncertainty  which  is  often 
inherent  in  environmental  sampling  and  analysis  procedures.  This  uncertainty  may 
result  from  failm-e  to  take  an  adequate  number  of  samples,  mistakes  on  the  part  of 
the  sampler,  the  heterogeneity  of  the  matrix  being  sampled,  and  intentional  bias  in 
the  sample  collection.  For  relatively  small  disposal  sites,  these  inherent  uncertainties 
may  overwhelm  the  bias  introduced  by  using  1/2  the  MDL.  A  more  statistically 
oriented  ND  method  may  not,  in  such  cases,  significantly  reduce  the  uncertainty 
inherent  in  the  resulting  EPC.  It  is  up  to  the  risk  assessor  to  judge  the  level  of 
sophistication  appropriate  to  the  data  set. 

As  always,  there  may  be  exceptions  to  this  guidance,  particularly  when  the  site 
history  and  the  NDs  may  indicate  the  absence  of  an  OHM  at  a  site  (or  areas  within 
a  site).  In  the  latter  case,  the  chemical  may  be  dropped  from  the  quantitative  risk 
assessment  or  the  NDs  may  be  factored  into  the  Exposure  Point  Concentration  as  a 
zero  value  with  appropriate  justification. 

Tentatively  Identified  Compounds 

Tentatively  identified  compounds  (TICs)  are  compounds  which  are  detected  during 
sample  analysis,  but  are  not  target  compounds.  TICs  are  often  reported  when  gas- 
chromatography-mass  spectrometry  (GC-MS)  is  used  to  analyze  organic  compounds. 
Target  compoimds  are  those  for  which  the  instnunent  was  cahbrated,  using  a 
chemical  standard,  prior  to  analysis.  The  abihty  of  the  MS  system  to  store  mass 
spectra  electronically  in  a  "hbrary"  enables  the  analyst  to  compare  the  hbrary  spectra 
with  the  spectra  produced  by  a  non-target  contaminant  when  one  shows  up  in  an 
environmental  sample.  Identification  based  on  a  "hbrary"  comparison  is  much  more 
imcertain,  however,  than  one  based  on  calibration  with  a  standard  for  the  target 
compound. 

There  is  no  rule  of  thiunb  for  whether  TICs  should  be  included  in  the  risk 
assessment.     Confidence  in  a  TIC  identification  depends  on  a  number  of  factors, 
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including  site  history  and  the  presence  of  similar  compounds  at  the  site.  The  EPA's 
Guidance  for  Data  Useability  in  Risk  Assessment  provides  the  following  guidance: 

Confidence  in  the  identification  of  a  TIC  can  be  increased  in  several  ways.  ...An  analytical 
chemist  trained  in  the  interpretation  of  mass  spectra  and  chromatograms  can  review  TIC  data 
and  eliminate  many  false  positive  identifications.  The  use  of  retention  indices  or  relative 
retention  times  can  confirm  TICs  identified  by  the  GC-MS  computer  (Eckel,  et  al.  1989). 
Examination  of  historical  data,  industry-specific  compound  lists,  compound  identifications  from 
iterative  sampling  episodes,  and  analyses  performed  by  different  laboratories  may  also  increase 
confidence  in  the  identification  of  a  TIC.  The  final  identification  step  is  to  re-analyze  the 
sample  after  calibrating  the  GC-MS  instrument  with  an  authentic  standard  of  the  compound 
that  the  TIC  is  beUeved  to  be. 

Many  compounds  that  appear  as  TICs  during  broad  spectrum  analyses  belong  to  compound 
classes.  Examples  of  compound  classes  are  saturated  aliphatic  hydrocarbons  and  polycycUc 
aromatic  hydrocarbons  (PAHs).  The  risk  assessor  may  be  able  to  make  a  preliminary  judgement 
of  toxicity  at  the  compound  class  level  without  a  definitive  identification  of  each  compound 
present. 

The  identification  of  a  TIC  can  be  confirmed  definitively  only  by  further  analysis. 
However,  depending  on  the  analytical  and  historical  information  available,  and  the 
potential  impact  of  the  TIC  on  the  results  of  the  risk  assessment,  confirmatory 
analysis  may  not  be  warranted.  The  risk  assessor  should  work  with  the  project 
manager  and  an  analytical  chemist  to  make  a  prudent  decision  about  the  need  for 
follow-up  analysis. 

Measured  vs.  Modeled  Concentrations 

Direct  measiurement  of  environmental  concentrations  is  generally  preferred,  but 
estimation  by  an  analytical  or  numerical  model  may  be  acceptable  when  direct 
measurement  is  impossible  or  extremely  impractical.  If  a  model  is  used,  modeling 
methods,  input  parameters  and  assumptions,  and  model  validation  should  be  fully 
referenced  and  described.  Modeling  considerations  are  discussed  further  in  subsequent 
sections  on  exposures  to  specific  environmental  media. 

7.3.3.6       Soil  Exposure  Poini  Concentrations 

Direct  Contact 

Direct  contact  with  soil  can  result  from  such  diverse  activities  as  work,  play  and 
gardening  on  residential  properties;  recreational  activities  on  public  and  private  land; 
landscapiQg  of  commercial  properties;  grading  or  excavation  of  soil  for  construction  or 
utihty  repair;  agricultural  work;  outdoor  wor:   on  inaustrial  properties;  and  exploration 
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of  any  area  sufficiently  unattractive  to  appeal  to  young  people's  curiosity.  Exposure 
occurs  primarily  by  dermal  absorption  of  contaminants  from  soil  and  incidental  ingestion 
of  contaminated  soil.  To  calculate  an  exposure  point  concentration  for  a  particular 
exposure  scenario,  the  selected  samples  should  be  representative  of  the  area  and  depth 
within  which  the  particular  exposure  is  likely  to  occur. 

Generally,  for  surface  soil  exposures,  the  arithmetic  mean  soil  concentration  in  an 
exposure  area  may  be  used  as  the  exposure  point  concentration  estimate.   The 

accuracy  of  this  method  depends  on  three  underlying  assumptions: 

•  Over  time,  soil  concentrations  remain  constant; 

•  The  detected  concentrations  represent  a  uniform  or  random  distribution  of  soil  samples  over 
the  exposure  area;  and 

•  Over  time,  exposure  is  equally  likely  at  any  location  within  the  exposure  area. 

If  these  assumptions  hold  true,  the  arithmetic  mean  concentration  in  the  exposure  area 
will  represent  the  arithmetic  mean  concentrations  with  which  a  person  comes  into 
contact  over  time.  In  other  words,  the  spatial  average  may  be  used  as  a  surrogate  for  the 
temporal  average. 

The  first  assimaption  stated  above  is  consistent  with  current  DEP  practices.  Laboratory 
derived  degradation  rates  often  are  not  observed  in  the  field,  and  the  conservative 
assimaption  that  concentrations  will  not  decrease  over  the  time  of  the  exposure  period 
is  encouraged. 

There  are  cases,  however,  when  the  second  and/or  third  assumptions  do  not  hold  true. 
Sampling  locations  are  not  always  distributed  evenly  over  the  site,  and  exposure 
frequencies  are  often  higher  in  some  areas  than  others.  In  these  cases,  a  weighted 
average  of  the  detected  concentrations  should  be  used. 

Figure  7.7  illustrates  a  situation  where  the  sampling  points  are  not  evenly  distributed 
over  the  site.  In  this  example,  an  area  weighted  average  exposure  point  concentration 
is  considered  to  be  a  representative  estimate  of  the  exposures  at  the  site  over  time,  hi 
this  method,  anal5i;ical  data  should  be  weighted  in  a  manner  which  reflects  the  sampling 
frequency  as  follows: 

If  6  equidistant  samples  were  taken  in  a  portion  of  a  site  approximately  10  meters  by  60 

2  2 

meters  each  sample  can  be  said  to  represent  100  m-  (600  m-f6  samples).  If  two  additional 
equidistant  samples  were  obtained  from  another  portion  of  the  site  approximately  10  meters 
by  40  meters,  each  sample  could  be  said  to  represent  200  m~.  The  sample  values  should  be 
weighted  according  to  the  relative  area  each  represents.  The  area-weighted  average  obtained 
from  this  exercise  represents  the  arithmetic  mean  concentration  over  the  exposure  area.   If 
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exposures  are  equally  likely 
throughout  the  entire  area 
over  time,  this  area-weighted 
average  also  represents  the 
time-weighted  average,  or  the 
average  exposure 
concentration  over  time. 

Figure  7.8  illustrates  a 
scenario  where  the  sampling 
locations  are  distributed 
evenly,  but  exposure  occurs 
more  frequently  in  one 
portion  of  the  site  than  the 
other.  In  this  example,  a 
person  is  not  equally  likely  to 
be  exposed  at  all  locations, 
and  the  time-weighted 
average  could  account  for 
different  exposure 
frequencies  in  different  areas  as  follows: 


A 

Case  1: 

Equal  Likelihood  of  Exposure 
Biased  Sampling 

E 

B 

DAEDF 

Represents 

60%  of  the 

Exposure 

Point 

DEBCF 

EiqMMra 
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.b        t            «•        1 

■          1            •          J- —  —  —  —  —  —  —  — 

1                        1                     h 
1                                           • 

D                                           F                              C 

EPC  =  10(a  +  b  +  c  +  d  +  e  +  1)  +  20(g  +  h)  +  100 

Figure  7.7 


If  90%  of  the  exposure  time  takes  place  on  half  of  the  site,  and  10%  of  the  exposure  time  takes 
place  on  the  other  half  of  the  site.  The  average  concentration  for  each  half  could  be  calculated 
separately,  and  then  weighted  to  obtain  a  frequency-weighted  average.  Again  the  result 
represents  the  arithmetic  mean  of  the  concentrations  to  which  the  person  is  exposed  over  time. 

Note  that  there  may  be  situations  in  which  weighting  for  both  exposure  time  and  area 
are  appropriate. 

These  examples  represent  simple  approaches  to  obtaining  a  weighted  average.  More 
refined  techniques  for  weighting  soil  or  sediment  data  to  estimate  an  areal  average  are 
available.  Those  that  appear  to  be  best  suited  for  exposure  assessment  are  polygon 
techniques.  In  general,  these  procedures  involve  construction  of  a  polygon  around  each 
data  point  so  that  each  polygon  contains  the  locations  that  are  closer  to  the  data  point 
at  its  center  than  any  other  data  point.  Such  methods  are  useful  for  deriving  area 
weighted  average  soil  concentrations  which  may  be  used  as  surrogates  for  time-weighted 
exposure  point  concentrations. 

Other  approaches  often  suggested  in  risk  assessment  hterature  and  guidance  are  oriented 
toward  estimating  the  most  likely  concentrations  at  locations  between  data  points. 
Kriging  and  triangulation  are  examples  of  such  methods.    The  problem  of  determining 
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concentrations  between  data 
points  is  related  to  but 
different  from  the  problem  of 
estimating  the  average 
concentration  over  an 
exposure  area.  To  date,  DEP 
has  found  no  compelling 
argument  for  the  apphcabihty 
and  utility  of  these 
techniques  for  calcxilating 
exposure  point 
concentrations,  and  therefore 
recommends  against 
employing  them  at  this  time. 

Composite  Soil  Samples 
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Figure  7.8 


The     concentration     of     a 
composite  soil  sample  may  be 

used  to  approximate  the  arithmetic  average  of  the  subsample  concentrations.  The  use 
of  composites  can  provide  an  arithmetic  mean  concentration  of  several  locations  at  the 
same  cost  as  analyzing  an  individual  sample.  However,  the  concentration  detected  in  a 
composite  is  representative  of  the  average  concentration  of  subsamples  only  if:  (1)  the 
subsamples  are  representative  of  the  exposure  area  (2)  the  composite  sample  is  well 
mixed  and  (3)  the  process  of  compositing  does  not  result  in  anal3rte  loss.  These 
conditions  can  be  verified  by  comparing  the  average  concentration  of  a  set  of  single 
location  samples  with  the  concentration  of  a  composite  of  sample  collected  from  the  same 
area.  If  a  composite  sample  from  one  area  is  checked  in  this  manner  and  demonstrated 
to  be  accurate  for  each  sampling  event,  it  is  not  necessary  to  check  all  composites  from, 
all  areas. 


Consumption  of  Homegrown  Fruits  and  Vegetables 

Consimaption  of  fruits  and  vegetables  grown  in  contaminated  soil  will  result  in  exposure 
if  the  plant  takes  up  a  portion  of  contaminant  from  the  soil.  Ideally,  produce 
concentrations  should  be  measured  directly.  However,  sometimes  produce  concentration 
data  cannot  be  obtained  quickly  enough  to  be  used  in  site  management  decisions,  and 
must  therefore  be  estimated  from  soil  concentration  data.  The  contaminant  concentration 
in  the  produce  itself  is  related  to  the  soil  concentration  and  the  plant  uptake  factor,  as 
follows: 
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lOHM]^  =  iOHM]^xKsp„„^ 


(7-8) 


Where: 


[OHM],,^,  = 
[OHM]^,  = 

■•^Pplant/soil 


plant  contaminant  concentration  ('ocigQ„Jkg^^^) 
soil  contaminant  concentration  (mgQ^^g^j,) 
plant/soil  uptake  factor  (kg^,/kgp,^,) 


Default  plant/soil  uptake  factors  are  listed  in  Appendix  B. 

When  estimating  contaminant  concentrations  in  produce,  it  is  necessary  to  assure  that 
the  uptake  factors  and  produce  consumption  estimates  are  compatible.  Plant  uptake 
factors  are  generally  reported  on  a  dry  weight  basis.  Dry  weight  produce  concentrations 
must  be  used  with  intake  estimates  that  are  expressed  in  terms  of  dry  weight,  not  wet 
weight. 

Inhalation  of  Particulate  Matter  from  Contaminated  Soil 

Inhalation  of  contaminated  particulate  matter  is  of  concern  in  cases  where  contaminated 
soil  is  unvegetated  or  is  likely  to  be  graded  or  excavated  for  site  work  or  for  development. 


The  exposure  point  concentration  (mass  of  contaminant/volume  air)  should  be  calculated 
as  follows: 


EPC,,  =[OHM]^,xPM^,xCF 


(7-9) 


Where: 


CF  = 


Exposure  Point  Concentration  ip^g^o,,^^ra  J 


EPC  .  = 

air 

[OHMlj^ji  =        Soil  concentration  (mg, 


'contaminant 


ASsoii) 


Respirable  particulate  concentration  in  air  (/itg/m  ^) 
Conversion  factor  (10'   kg//i,g) 


When  evaluating  exposure  to  airborne  particulate  matter  at  a  sparsely  vegetated  or 
unvegetated  site,  or  at  a  construction  site,  it  should  be  assumed  that  all  of  the  PMIO  is 
contributed  by  the  contaminated  area.  This  may  overestimate  the  contribution  of  site 
soil  to  airborne  particulate  concentrations,  but  the  data  necessary  to  obtain  a  more 
accurate  estimate  for  these  conditions  is  not  available.  On  a  site-specific  basis,  with 
appropriate  justification  (e.g.  dense  vegetation),  the  percentage  of  PMIO  that  is  soil- 
derived  may  be  reduced  to  as  low  as  40%  (Thurston  and  Spongier,  1983). 
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It  may  generally  be  assumed  that  the  concentration  of  the  contaminant  in  PMIO  is  equal 
to  the  concentration  of  the  contaminant  in  soil.  This  assumption  may  underestimate  the 
concentration  of  contaminant  in  the  PMIO  fraction,  since  smaller  particulate  fractions 
sometimes  contain  contaminant  concentrations  that  are  enriched  relative  to  larger 
fractions.  However,  the  data  needed  to  derive  more  accurate  concentration  estimates  is 
not  available. 

Ideally,  to  assess  current  conditions,  both  the  concentration  of  PMIO  in  the  air  and  the 
concentrations  of  contaminants  in  the  PMIO  fraction  should  be  measured  directly. 
However,  to  assess  future  conditions,  it  is  necessary  to  estimate  the  contaminant 
concentrations  in  air  from  the  contaminant  concentrations  in  soil.  Default  values  for  air 
concentrations  of  PMIO  from  one  of  two  situations  are  usually  required.  The  first 
situation  is  an  open  field  condition,  in  which  contaminated  soil  is  sparsely  vegetated  or 
bare,  and  soil  particulate  matter  readily  becomes  airborne.  The  second  is  a  grading  or 
excavation  scenario,  in  which  earth  working  activities  may  raise  elevated  levels  of  dust. 

For  open  field  situations,  29  iJLg/m  should  be  used  as  an  estimate  of  the  ambient  PMIO 
concentration.  This  value  represents  the  maximum  annual  arithmetic  mean 
concentration  measured  in  Massachusetts  in  1994  by  DEP's  Air  Quality  Surveillance 
Branch  (1994  Air  Quahty  Report,  Commonwealth  of  Massachusetts).  A  contribution 
factor  of  100%  should  be  used  to  estimate  the  contribution  of  soil  to  airborne  particulate 
matter /TSP  concentrations  under  sparsely  vegetated  open  field  conditions.  If  particulate 
exposures  are  being  evaluated  for  heavily  vegetated  open  field  conditions,  the 
contribution  factor  may  range  from  100%  to  40%. 

For  grading  and  excavation  scenarios,  a  PMIO  value  of  50  should  be  used  to  estimate 
ambient  concentrations.  This  value  (rounded  from  49.6)  is  the  arithmetic  mean  of  the 
24  hour  maximum  PMIO  values  from  20  sampling  locations  in  the  Commonwealth  during 
1994  (1994  Air  Quality  Report,  Commonwealth  of  Massachusetts).  A  contribution  factor 
of  100%  should  be  used  to  estimate  the  portion  of  ambient  particulate  level  contributed 
by  the  construction  activities. 

There  are  a  number  of  luicertainties  associated  with  use  of  the  default  PMIO  values, 
including: 

•  The  published  24  hour  averages  may  underestimate  PMIO  concentrations  attained  during 
the  work  day. 

•  The  sampling  locations  are  not  necessarily  located  near  construction  activities  or  large  areas 
of  sparsely  vegetated  soil. 
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Therefore,  these  PMIO  values  are  recommended  for  use  only  in  the  absence  of  more 
representative  data. 

7.3.3.7       Groundwater  Exposure  Point  Concentrations 

Private  Wells 

Exposure  Points 

Within  a  GW-1  area,  the  risk  assessment  should  address  both  the  risks  associated 
with  any  well  in  use  and  the  foreseeable  risks  from  the  installation  of  a  private  supply 
well  anywhere  within  the  contaminated  area.  Thus,  the  exposure  points  of  concern 
should  include  both  existing  wells  and  the  groundwater  at  any  location  where  a  well 
could  potentially  be  installed.  In  other  words,  the  groundwater  at  each  monitoring 
well  should  be  considered  a  foreseeable  exposure  point. 

Thus,  regardless  of  the  risk  assessment  method  employed,  exposure  point 
concentrations  and  risks  should  be  evaluated  separately  for  each  well  in  use 
and  for  each  location  (monitoring  well)  where  a  well  could  be  Installed 
within  the  contaminated  area.  The  risk  assessor  should  assume  that  any  one 
individual  would  be  exposed  only  to  water  from  one  supply  well.  A  single  exposure 
point  concentration  should  include  data  from  locations  within  an  area  likely  to  be 
influenced  by  one  supply  well. 

In  general,  BWSC  recommends  against  averaging  concentrations  detected  in  different 
monitoring  wells  because  monitoring  wells  are  seldom  clustered  closely  enough  to  he 
within  an  area  that  would  affect  a  single  well.  However,  in  exceptional  cases  where 
the  locations  of  monitoring  wells  are  clustered  closely  enough  so  that  several  would 
sample  from  an  area  of  groimdwater  from  which  a  single  private  supply  well  could 
draw,  concentrations  may  be  averaged. 

The  monitoring  wells  with  the  highest  levels  of  contamination  should  be  selected  to 
represent  potential  supply  well  locations  for  the  risk  assessment.  At  some  sites,  one 
monitoring  well  may  clearly  represent  the  highest  contaminant  levels.  At  other  sites 
where  the  groundwater  is  contaminated  by  a  mixture  of  substances  of  varying  relative 
concentrations,  several  monitoring  wells  may  have  to  be  evaluated  as  potential  supply 
well  locations. 

Averaging  Periods 

The  exposure  point  concentration  for  a  private  well  should  represent  an  estimate  of 
the  average  concentration  to  which  a  user  is  likely  to  be  exposed  over  the  period  of 
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concern.  Lifetime  exposure  assessments  are  based  on  a  30  year  time  period,  chronic 
exposiu-e  evaluations  typically  focus  on  a  seven  year  period,  and  subchronic  exposure 
evaluations  focus  on  period  of  three  months  (sometimes  longer,  but  always  less  than 
seven  years).  Thus,  the  exposure  point  concentration  should  represent  an  estimate 
of  a  one  year,  seven  year  or  lifetime  average. 

A  three  month  average  for  a  subchronic  evaluation  should  be  based  on  samples 
collected  at  a  time  when  the  concentrations  can  reasonably  be  expected  to  represent 
a  maximum  for  the  year.  One  samphng  round  is  generally  insufficient  to  obtain  a 
reliable  concentration  estimate,  and,  confu-matory  samples  should  always  be  collected. 

Of  course,  site  management  decisions  have  to  be  made  within  time  periods  that  are 
much  shorter  than  seven  years  or  a  hfetime.  Unless,  as  is  discussed  in  the  following 
paragraph,  there  is  evidence  that  contaminant  levels  are  increasing,  it  is  reasonable 
to  use  the  current  annual  average  as  an  estimate  of  the  seven  year  or  lifetime 
average. 

If  the  data  suggest  or  show  an  increasing  trend,  the  exposure  point  concentration 
estimate  should  reflect  the  predicted  increase,  and  the  assessment  report  should  fully 
describe  uncertainty  about  that  estimate.  However,  such  an  estimate  should  only  be 
used  for  preliminary  site  management  decisions.  Given  the  uncertainty  associated 
with  exposure  estimates  for  wells  where  contamination  is  increasing,  such  estimates 
should  not  be  used  to  support  a  conclusion  that  "no  further  action"  is  required. 

If  the  data  show  a  decreasing  trend,  it  may  be  appropriate  to  use  current  values  as 
an  estimate  of  the  long-term  average.  Including  historical  data  in  the  calculation  may 
lead  to  exposure  estimates  that  are  not  consistent  with  respect  to  current  or  future 
conditions,  and  could  lead  to  risk  management  decisions  that  are  problematic.  For 
example,  it  would  be  inappropriate  to  conclude  that  groundwater  remediation  is 
necessary  in  a  situation  where  the  concentrations  are  already  below  levels  of  concern 
for  human  health  and  are  continuing  to  decrease. 

Use  of  Mathematical  Models 

The  use  of  mathematical  models  to  estimate  current  exposure  point  concentrations 
for  private  wells  is  inappropriate.  Existing  wells  should  be  sampled  on  a  continuing 
basis  to  determine  representative  exposure  point  concentrations.  Samples  from  the 
most  highly  contaminated  monitoring  wells  (in  or  upgradient  from  the  GW-1  area) 
should  be  used  to  represent  potential  exposures  under  foreseeable  use  and  future 
conditions. 
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To  Filter  or  Not  to  Filter 

The  nature  of  the  samples  analyzed  to  obtain  exposure  point  concentrations  at  private 
water  supplies  should  represent,  as  closely  as  possible,  the  nature  of  the  water  drawn 
from  the  wells  in  question.  Often  the  water  drawn  from  a  private  supply  well  is 
imfiltered,  so,  in  theory,  unfiltered  groundwater  samples  from  monitoring  wells 
should  be  used  to  estimate  potential  exposure  point  concentrations.  However, 
monitoring  wells,  especially  newly  developed  monitoring  wells,  often  produce  samples 
that  are  quite  turbid,  and  obviously  are  not  representative  of  water  that  would  be 
drawn  from  a  supply  well.  For  example,  if  the  water  from  a  monitoring  well  exceeds 
the  tiu-bidity  standard  for  drinking  water,  it  is  reasonable  to  assume  that  the 
particulate  levels  are  not  representative  of  the  water  being  drawn  from  the  supply 
well.  In  such  cases,  BWSC  recommends  using  filtered  samples  to  estimate  exposure 
point  concentrations. 

A  promising  alternative  to  filtering  is  using  a  peristaltic  pump  to  purge  monitoring 
wells  and  collect  groundwater.  In  comparison  to  samples  collected  with  a  bailer, 
peristaltic  pumps  operated  at  a  low  flow  rate  (0.2  hters  per  minute)  have  reportedly 
produced  samples  that  are  less  turbid  and  more  representative  with  respect  to 
groundwater  metals  concentrations  (Acquisition  of  Representative  Ground  Water 
Qualitv  Samples  for  Metals.  Robert  W.  Puis  and  Robert  M.  Powell,  Ground  Water 
Monitoring  Review.  Summer  1992.)  Although  this  technique  has  not  been  imiversally 
accepted  or  widely  apphed  in  field  investigations  to  date,  it  appears  to  offer  a 
reasonable  alternative  to  the  choice  between  filtering  and  not  filtering,  both  of  which 
have  serious  drawbacks.  ORS  would  consider  samples  collected  at  low  flow  from 
monitoring  wells  to  be  reasonably  representative  of  water  drawn  from  a  private  supply 
well  at  the  same  location. 

EPCs  For  Comparison  to  Drinking  Water  Standards 

Massachusetts  Drinking  Water  Quality  Standards  (310  CMR  22)  are  compared  to 
exposiu^e  point  concentrations  as  apphcable  suitably  analogous  standards.  Each 
exposure  point  concentration,  including  those  measured  at  monitoring  wells,  is 
compared  with  drinking  water  standards  as  a  component  of  the  Method  3  risk 
characterization.  The  drinking  water  quahty  regulations  should  be  consulted  for 
details  concerning  sampling  and  analysis  required  as  part  of  these  regulations.  In 
general,  the  MMCLs  are  compared  with  average  exposure  point  concentrations.  For 
pubhc  water  supply  wells,  the  average  of  four  quarterly  samples  is  used. 
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Public  Wells 

Exposure  point  concentrations  representing  current  conditions  at  public  water  supply 
wells  are  measured  directly  at  the  wellhead.  Samples  collected  for  baseline  risk 
assessment  purposes  should  represent  pre-mixing,  pre-treatment  conditions.  Neither 
mixing  nor  well  head  treatment  is  considered  permanent,  and  these  risk  reduction 
activities  should  not  be  considered  when  estimating  a  baseline  exposure  point 
concentration. 

Estimating  exposure  point  concentrations  under  future  conditions  for  public  water  supply 
wells  is  sUghtly  more  compUcated  than  for  private  supphes.  At  supply  wells  located  some 
distance  away  from  the  contamination  source  area,  future  concentrations  depend  on 
contaminant  fate  and  transport  processes  such  as  dilution  and  dispersion.  Even  in  futxu-e 
pubhc  supply  wells  that  could  potentially  be  installed  in  the  most  highly  contaminated 
area,  the  exposure  point  concentrations  are  likely  to  be  lower  than  ciu-rent  monitoring 
well  concentrations  because  of  dilution  during  pumping.  As  a  consequence,  a  predictive 
model  is  needed  to  estimate  exposure  point  concentrations  at  a  public  supply  well  imder 
future  conditions.  Either  a  simple  analytical  model  or  a  complex  numerical  model  may 
be  used. 

BWSC  generally  recommends  the  use  of  a  simple,  conservative  anal5^ical  approach  to 
predict  concentrations  under  future  conditions.  The  results  of  a  complex  numerical 
model  will  not  affect  the  conclusion  of  the  risk  assessment  because  of  the  requirement 
to  characterize  foreseeable  risks  by  comparing  standards  to  concentrations  at  each 
foreseeable  exposure  point.  The  MCP  requires  the  comparison  of  all  current  and 
foreseeable  exposure  point  concentrations  in  GW-1  areas  to  applicable  or 
suitably  analogous  standards  (310  CMR  40.0993(3)).  Thus,  current  groundwater 
concentrations  at  each  monitoring  well  in  a  GW-1  area  must  be  compared  with  drinking 
water  standards.  If  the  monitoring  well  concentration  exceeds  the  standard,  the  risk 
assessment  will  conclude  that  Significant  Risk  of  harm  to  public  health  exists.  This 
direct  comparison  of  groundwater  concentrations  to  standards  is  more  likely  to  indicate 
the  need  for  remediation  than  are  risk  estimates  based  on  a  model  that  incorporates 
dilution.  Since  modeled  concentrations  are  not  likely  to  affect  the  conclusions  of  the  risk 
assessment,  extensive  mathematical  modeling  efforts  are  seldom  warranted. 

7.3.3.8       Indoor  Air  Exposure  Point  Concentrations 

At  disposal  sites  where  soil  or  groundwater  beneath  a  building  is  contaminated  with 
volatile  organic  compoimds,  the  potential  for  exposure  to  those  substances  must  be 
considered  in  the  human  health  risk  assessment.  Organic  compounds  can  accumulate  in 
indoor  air  by  migrating  from  soil  or  groundwater,  through  the  soil  gas  in  the  overlying 
luisaturated  soil  and  into  buildings  through  pores,  cracks  or  openings  in  the  foundation. 
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Exposure  point  concentrations  in  the  air  in  any  particular  building  are  dependent  upon 
a  combination  of  conditions: 


•     The  Heniy's  Law  coefficients  of  the  contaminant  of  concern,  which  provides  an  indication 
of  their  tendency  to  partition  from  the  groundwater  to  the  air  spaces  in  the  overiying  soil 
the  concentrations  of  contaminant  in  the  groundwater 
the  depth  of  the  water  table  below  the  surface  of  the  soil 
the  depth  of  the  groundwater  table  below  the  building  structure 
the  physical  characteristics  of  the  soil  at  the  location  of  concern 
the  structure  of  the  building 

the  heating  and  ventilation  features  of  the  building  which  affect  the  rate  at  which  soil 
will  enter  the  building. 


Measurement  vs  Modeling 

The  two  basic  approaches  to  estimating  indoor  air  concentrations  are  direct 
measurement  (air  sampling  followed  by  laboratory  analysis)  and  estimation  using  a 
contaminant  transport  model.  While  each  approach  has  advantages  and 
disadvantages,  direct  measurement  is  preferable  overall  and  is  generally  recommended 
for  evaluating  conditions  in  existing  buildings  associated  with  current  groundwater 
concentrations. 

It  is  often  difficult  to  model  indoor  air  concentrations  with  confidence  from 
concentrations  detected  in  groundwater,  or  even  soil  gas,  for  three  reasons.  First,  the 
information  needed  to  determine  the  validity  of  a  model  for  a  particular  location  and 
building  is  often  not  available.  Second,  the  site-specific  soil  and  bxiilding  parameters 
needed  to  accurately  model  transport  at  a  specific  site  may  not  be  available.  Third, 
models  generally  focus  on  water-soil  gas  partitioning  and  soil  gas-indoor  air  diffusion, 
and  don't  accoimt  for  other  transport  pathways,  such  as  utihty  lines,  that  may  provide 
the  dominant  migration  route  into  a  particular  building. 

Direct  measurement  also  has  some  drawbacks.  It  is  more  resource  intensive  than 
modeling,  and  it  is  often  logistically  challenging.  One  of  the  most  serious  technical 
concerns  is  the  fact  that  a  single  measurement  event  cannot  provide  an  integrated 
estimate  of  the  exposure  point  concentration  over  time.  Indoor  air  concentrations  in 
a  building  are  heavily  influenced  by  weather  and  by  variations  in  use  and  activities. 
Thus,  indoor  air  concentrations  can  vary  substantially  over  time,  and  it  may  not  be 
possible  to  predict  whether  concentrations  at  a  given  point  in  time  represent  a  high, 
low  or  average  estimate.  (It  should  be  noted  that  modeling  does  not  necessar^y 
provide  an  integrated  estimate  either,  but  the  problem  of  temporal  variation  can  be 
addressed  to  some  extent  by  the  selection  of  conservative  modeling  parameters;  after 
that  the  question  is  generally  set  aside.) 
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The  following  sections  discuss  measurement  and  modeling  considerations  in  more 
detail. 

Indoor  Air  Sampling 

To  obtain  a  representative  estimate  of  the  concentration  to  which  a  person  is  likely 
to  be  exposed  over  time  in  a  building,  sampling  locations,  times,  and  methodology 
must  be  planned  carefully.  Each  of  these  considerations  is  discussed  briefly  in  the 
following  paragraphs. 

Sampling  Locations 

Sampling  locations  should  include  areas  where  concentrations  are  likely  to  be  highest 
and  areas  where  the  frequency  and  duration  of  exposure  is  high.  Concentrations  are 
normally  expected  to  be  highest  in  the  basement,  if  there  is  one.  However,  people 
'who  live  or  work  in  the  building  are  likely  to  spend  more  time  in  other  areas. 
Results  from  all  areas  of  a  building  should  be  incorporated  in  the  exposure  point 
concentration  estimates,  but  data  from  different  areas  should  be  weighted  to  reflect 
exposure  frequency.  Samples  from  various  rooms  in  a  Hving  area  or  a  commercial 
building  can  vary  substantially,  so  a  number  of  areas  should  be  sampled  during  each 
sampling  round. 

Sampling  Over  Time 

In  planning  a  sampling  program,  both  sampling  time  and  sampling  duration  are 

important  to  consider  in  obtaining  a  representative  estimate. 

In  most  buildings  where  volatile  organic  compounds  migrate  from  groundwater  into 
indoor  air,  the  indoor  air  concentrations  are  likely  to  vary  substantially  over  time. 
Seasonal  changes  in  the  depth  to  groundwater,  temperature,  and  in  building  use  can 
affect  indoor  air  concentrations.  Even  daily  changes  in  ambient  air  pressure  may 
have  a  significant  effect.  For  a  long-term  exposure  evaluation  (as  opposed  to  an 
imminent  hazard  evaluation)  sampHng  should  be  conducted  several  times  a  year. 
However,  air  sampling  is  time  consuming  and  expensive,  and  it  is  not  always  possible 
to  obtain  samples  that  fully  reflect  temporal  variations  in  concentration. 

If  sampling  is  only  to  be  done  once  or  twice  because  of  resource  constraints,  the  site 
assessment  report  must  demonstrate  that  the  concentrations  would  be  highest  at 
those  times,  considering  depth  to  groundwater,  heating  system  operating  conditions, 
and  building  tightness  (closed  doors  and  windows). 
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The  sampling  duration  should  correspond  as  closely  as  possible  to  the  duration  of  the 
exposure  being  evaluated.  Since  the  duration  of  most  indoor  air  samphng  events 
ranges  from  a  couple  of  hours  to  a  day,  and  the  results  are  often  used  to  evaluate 
subchronic  exposures  (longer  than  a  fev  months)  and  chronic  exposures  (longer  than 
seven  years),  sampling  durations  should  be  as  long  as  possible.  Other  factors  that 
affect  sampling  duration  are  discussed  in  the  following  section  on  Sampling  and 
Analysis  Methodology. 

Samplinef  and  Analysis  Methodoloerv 

Although  an  extensive  discussion  of  sampling  and  analysis  methodology  is  beyond  the 
scope  of  this  guidance,  a  few  words  of  caution  may  be  appropriate.  Air  sampling 
should  be  planned  and  conducted  by  specialists  in  the  field.  Designing  and  executing 
an  air  sampling  program  requires  a  thorough  understanding  of  the  complexities  and 
subtleties  of  air  sampling  theory  and  technology. 

Method  validation  is  crucial  in  enabling  risk  managers  to  make  reasonable  decisions 
based  on  sampling  results.  WQien  available  and  appropriate,  standard  EPA  methods 
should  be  employed.  However,  the  utihty  of  a  standard  method  to  the  specific 
situation  of  concern  should  always  be  carefully  evaluated. 

Method  sensitivity  is  one  factor  that  often  limits  the  apphcability  of  standard  methods 
at  specific  exposure  situations.  Because  air  intake  rates  are  high  relative  to  drinking 
water  intake  or  soil  intake  rates,  the  concentration  of  a  substance  in  air  that  is 
associated  with  a  significant  risk  is  relatively  low.  Therefore,  it  is  particularly 
important  to  verify  that  a  proposed  air  sampling  methodology  can  achieve  the 
necessary  detection  limits  before  conducting  a  sampling  program. 

Whatever  the  duration  of  an  indoor  air  sampling  event  (from  several  hours  to  one 
day),  the  results  are  usually  used  to  represent  exposures  that  occur  over  much  longer 
periods  of  time  (from  several  months  to  a  lifetime).  In  planning  the  duration  of  a 
sampling  event,  a  balance  must  be  struck  between  the  need  to  collect  samples  that 
are  reasonably  representative  of  long  term  exposures  and  the  technical  constraints  of 
available  technologies.  In  many  cases,  the  samphng  duration  is  hmited  by  the 
potential  for  breakthrough  (desorption  of  contamination  from  the  sample  collection 
medium),  which  can  be  a  serious  problem  if  the  volume  of  air  drawn  through  the 
sampling  tube  is  higher  than  that  specified  in  the  protocols.  In  some  cases,  a  lower 
flow  rate  can  be  used  to  achieve  a  longer  sampling  duration.  Again,  it  is 
recommended  that  sampling  plans  be  developed  by  specialists  with  extensive 
experience  in  order  plan  flow  rates  and  sampling  durations  that  balance  risk 
assessment  and  technical  considerations. 


Guidance  for  DUpoul  Site 
Risit  Cluuvcterixation 


Interim  Final  Policy  WSC/ORS-95-141 
Massachu»etU  DEP.  July  1995 


7-60 


Modelinef  Indoor  Air  Concentrations 

Before  a  model  is  used,  the  validity  of  the  model  for  conditions  similar  to  those  at  the 
location  of  concern  must  be  determined.  Precedent  is  not  an  indication  of 
validation.  Validation  must  include  obtaining  or  identifying  data  showing  that  the 
model  can  predict  indoor  air  concentrations  with  a  degree  of  accuracy  that  is 
sufficient  for  the  risk  assessment  and  the  risk  management  decisions  at  hand. 

Both  groundwater  and  soil  gas  concentrations  have  been  used  as  som-ce  terms  for 
models.  In  principle,  soil  gas  concentrations  offer  a  preferable  starting  point,  since 
they  eliminate  the  need  to  model  partitioning  from  groundwater  into  soil  gas,  and 
thus  eliminate  a  significant  source  of  uncertainty  about  the  final  estimate.  However, 
soil  gas  measurements  have  a  somewhat  uneven  track  record,  and  in  many  cases, 
potential  error  associated  with  measuring  soil  gas  concentrations  may  be  a  larger 
source  of  uncertainty  than  the  partition  model. 

(MADEP/ORS  is  in  the  process  of  determining  whether  there  are  any  existing  models 
that  are  generally  valid  and  conservative  and  could  be  considered  default  models). 

7.3.3.9       Exposure    Point    Concentrations    Related   To    Surface   Water    and 
Sediment  Contamination 

Fish  Consumption 

Exposure  point  concentrations  for  fish  consumption  should  be  consistent  with  the 
type  of  exposure  being  evaluated.  For  chronic  and  subchronic  exposure  point 
concentration  estimates,  an  average  of  the  concentration  detected  in  tissue  of 
individual  fish  fillets  may  be  used  to  represent  the  average  concentration  in  fish  that 
a  person  might  consume  over  time.  Ideally,  sufficient  data  would  be  available  to 
calculate  exposure  point  concentrations  for  each  fish  species  present  so  that  the  risk 
assessment  could  consider  exposures  to  populations  partial  to  eating  certain  species. 
For  substances  that  could  have  acute  toxic  effects,  the  highest  concentration  detected 
should  be  used  as  the  exposure  point  concentration  estimate  when  evaluating  the 
risks  from  acute  exposures. 

In  many  cases,  it  is  not  possible  to  obtain  a  large  enough  number  of  fish  to  calculate 
an  average  concentration  with  a  reasonable  degree  of  certainty.  The  risk  assessor  and 
project  manager  must  then  decide  how  to  deal  with  the  uncertainty.  One  option 
would  be  to  use, an  upper  Confidence  Limit  on  the  mean  as  a  conservative  estimate 
of  the  average  concentration.  An  alternative  would  be  to  describe  the  imcertainty  in 
the  assessment  report,  and  compensate  for  it  by  making  a  very  conservative  risk 
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management  decision.  However,  a  sample  number  smaller  than  three  would  be 
insufficient  basis  for  a  public  health-protective  decision. 

Appendix  D  contains  a  detailed  discussion  of  fish  tissue  sampling  and  analysis 
considerations. 

Swimminfif 

Sediment  and  surface  water  exposure  point  concentrations  used  to  evaluate  swimming 
and  wading  exposiu*es  should  represent  conservative  estimates  of  the  arithmetic  mean 
concentration  in  the  shoreline  area  used  for  swimming  or  wading.  K  contamination 
is  reaching  a  surface  water  body  by  groundwater  discharge  or  by  surface  runoff,  near 
shore  areas  may  be  more  heavily  contaminated.  Concentrations  of  samples  collected 
over  large  areas  of  a  water  body  will  not  necessarily  be  representative,  and  should  not 
be  averaged.  Likewise,  if  a  model  is  used  to  predict  concentrations  likely  to  be 
attained  in  the  future,  the  model  should  focus  on  the  near  shore  area,  and  not  the 
entire  water  body. 

7.3.4    Exposure  Equations 

The  following  equations,  organized  by  exposure  medium,  are  provided  to  assist  the  risk 
assessor  in  quantifying  a  receptor's  potential  exposure  to  oil  or  hazardous  material  at  a 
C.21E  disposal  site.  The  variables  specific  to  each  equation  are  discussed  in  this  section 
while  variables  common  to  most  of  the  equations  were  presented  in  the  previous  section. 
Default  assumptions  for  these  variables  are  provided  in  Appendix  B. 

7.3.4.1       Air 

The  toxicity  information  generally  used  to  evaluate  the  risk  of  harm  to  health  associated 
with  inhalation  exposures.  Reference  Concentrations  and  Units  Risk  values,  are  air 
concentrations.  These  values  are  intended  to  be  used  in  combination  with  Average  Daily 
Exposures  expressed  as  apphed  concentrations,  not  dose.  In  the  absence  of  RfCs  or  Unit 
Risk  values,  an  oral  Reference  Dose  or  Slope  Factor  may  be  used  to  estimate  risk  either 
by:  (a)  calculating  an  Average  Daily  Dose  from  the  inhalation  pathway;  or  (b)  converting 
the  Reference  Dose  to  a  Reference  Concentration  and  the  Slope  Factor  to  a  Unit  Risk. 
Thus,  the  equation  chosen  to  evaluate  the  site  inhalation  exposures  will  depend  upon  the 
availabihty  and  nature  of  the  toxicity  information. 

Calculation  of  Average  Daily  Exposure,,,, 

Gaseous  oil  or  hazardous  material  (for  example,  OHM  volatilized  from  contaminated 
soil  or  groundwater)  may  be  inhaled  by  the  receptor  of  concern  whenever  the  receptor 
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is  near  the  disposal  site.  The  Average  Daily  Exposure  to  the  contaminated  air 
(ADE^,)  is  dependent  upon  the  frequency  and  diu^tion  of  the  assumed  exposures. 
The  result  of  this  calculation  should  be  an  estimate  of  applied  concentration,  not  dose. 
Note  that  the  equation  is  a  simple  adjustment  of  the  exposure  point  concentration 
to  account  for  the  amount  of  time  the  receptor  spends  in  the  area  with  contaminated 
air. 


ADE^    = 

air 


[OHM]^,  *EF  *ED  *EP  *C 
AP 


(7-10) 


Where: 


lOHM]^^  = 


EF  = 


ED  = 
EP  = 
AP  = 

C  = 


Exposure  point  concentration  of  gaseous  oil  or  hazardous  material  in  the  air  at  the  Expomre  Point 

during  the  period  of  exposure  (dimensions:  massAnslume;  typical  units:  fig/ia  ). 

Number  of  exposure  events  (frequency)  dxiring  the  exposxire  period  divided  by  the  number  of  days  in  the 

exposure  period  (dimensions:  events/time;  typical  units:  events/day) 

Duration  of  each  exposure  event  (dimensions:  time/event;  typical  units:  hours/event) 

Duration  of  the  exposure  period  (dimensions:  time;  typical  units:  years) 

Averaging  Period  (dimension:  time;  typical  units:  years) 

Appropriate  units  conversion  factors)  (e.g.,  10    kg/mg,  1  week/7  days) 


For  receptors  assumed  to  be  exposed  constantly  (such  as  for  many  residential 
exposures),  the  Average  Daily  Exposure  would  be  equal  to  the  Exposure  Point 
Concentration: 


r^iLr»>n       -i  ^veut    „ .  hours    c 
[OHM]^^  *1— —  *24 *6years  * 


ADE^^  = 


day 


event 


I  day 
24  hours 


(7-11) 


Gyears 


ADE^„  =  [OHM], 


(7-12) 


Calculation  of  Average  Daily  Dose^ 

As  noted  above,  there  are  circimastances  under  which  the  dose  or  hazardous  material 
experienced  by  a  receptor  breathing  contaminated  air  may  be  calculated.  The 
equation  for  estimating  such  an  Average  Daily  Dose  (ADD^)  is  given  as: 
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L 


ADD 


gaseousOHM 


[OHM]^,  *VR*RAF  *EF  *ED  *EP  *C 
BW*AP 


(7-13) 


Where: 

[OHM]^^  =  Exposure  point  concentration  of  gaseous  oil  or  hazardoiis  material  in  the  air  at  the  Exposure  Point 
during  the  period  of  exposure  (dimensions:  massA^olume;  typical  tinits:  /xg/m  ) 

VR  =  Ventilation  (inhalation)  rate  for  the  receptor  of  concern  during  the  period  of  exposure,  (dimensions: 

volume/time;  typical  units:  m  /hour) 

RAF  =  Relative  Absorption  Factor  (unitless) 

EF  =  Ntimber  of  exposure  events  during  the  exposure  period  divided  by  the  number  of  days  in  the  exposure 

period  (dimensions:  events/time;  typical  units:  events/day) 

EID  =  Duration  of  each  exposiire  event  (dimensions:  time/event;  typical  units:    hours/event) 

EP  =  Duration  of  the  exposvire  period  (dimensions:  time;  typical  imits:  years) 

BW  =  Body  weight  of  the  receptor  of  concern  diu-ing  the  averaging  period  (dimension:  mass;  typical  mnts:  kg) 

AP  =  Averaging  Period  (dimension:  time;  typical  \inits:  years) 

C  =  Appropriate  iinits  conversion  factors)  (e.g.,  10    kg/mg,  1  week/7  days) 

7.3.4.2       Soil 

The  Average  Daily  Dose  received  by  a  receptor  via  direct  contact  with  soil  containing 
OHM  (ADDj^j,)  is  the  sum  of  the  average  daily  doses  resulting  from  absorption  via  dermal 
contact  with  the  contaminated  soil  and  the  incidental  ingestion  of  that  soil. 


"^^^      Soil         ■^^'^      dermal  absofpllon         ■**-'-'      ingestion    *■       ■**-*-'      particulate  inhalation  -• 


(7-14) 


Additional  soil-related  exposures  may  result  from  the  inhalation  of  fugitive  dust 
originating  from  the  contaminated  soil. 

Note:  The  general  procedures  for  assessing  soil  exposure  described  in  this  section  have  been 
adapted  from  an  on-going  project  within  the  Office  of  Research  and  Standards  to  develop 
methodology  for  deriving  soil  advisory  levels  (MADEP,  1995b). 

Dermal  Contact  with  Contaminated  Soil 

Dermal  absorption  of  oil  or  hazardous  material  is  a  potentially  significant  route  of 
exposiu-e  whenever  direct  contact  with  soil  may  occur.  In  fact,  dermal  absorption 
from  soils  may  be  more  significant  than  incidental  ingestion  for  chemicals  which  have 
a  percent  absorption  exceeding  about  10%  (USEPA,  1992).  (Even  chemicals  exhibiting 
percentage  absorption  less  than  10%  may  contribute  significantly  to  cumulative  risk 
estimates  and  thus,  these  chemicals  must  also  be  evaluated.)  The  absorption  of  OHM 
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from  soil  depends  upon  chemical-specific  factors  as  well  as  the  characteristics  of  the 
soil  (such  as  particle  size  and  organic  carbon  content). 

The  Average  Daily  Dose  due  to  dermal  contact  with  OHM  contaminated  soil  (ADD,^^,^ 
absocp.ion)  ^^Y  ^6  calculated: 

_  [OHM]^,  *SA  *AF  *RAF  *EF  *ED  *EP  *C 

■^*-'^      dermal  absorption  _...        .  _, 

BW  *AP 

Where 

[OHM]^^  =    Representative  concentration  of  OHM  in  the  soil  at  the  exposure  point  diiring  the  period  of  exposure 

(dimensions:    mass/mass) 
SA  =  Skin  surface  area  in  contact  with  the  soil  on  days  exposed  (dimensions:   area/time) 

AF  =  Mass  of  soil  adhered  to  the  unit  surface  area  of  skin  exposed  (dimensions:   mass/area) 

RAF  =  Relative  Absorption  Factor  (vinitless) 

E2F  =  Exposiire  Frequency:  the  number  of  expos\ire  events  during  the  exposure  period  divided  by  the  »»«tmh»i» 

of  days  in  the  exposure  period  (dimensions:  events/time) 
ED  =  Exposure  Duration:  the  typical  duration  of  each  exposure  event  (dimensions:  time/event) 

EP  =  Exposure  Period:   the  period  of  time  over  which  exposxire  may  occiir  (dimension:  time) 

BW  =  Body  Weight  of  the  receptor  of  concern  diuing  the  averaging  period  (dimension:   mass) 

AP  =  Averaging  Period  (dimension:   time) 

C  =  Appropriate  units  conversion  factor(s) 

Incidental  Inefestion  of  Contaminated  Soil 

The  Average  Daily  Dose  due  to  the  incidental  ingestion  of  OHM  contaminated  soil 
(ADD„i)  may  be  calculated: 


[OHM\^,  *IR  *RAF  *EF  *ED  *EP  *C  (7-16) 

Where: 

ADD^^  =         Average  daily  dose  of  oil  or  hazardous  material  received  through  the  ingestion  of  soil,  during  the  p^od 

of  exposure  (dimensions:  mass/mass-time,  typical  units:  mg/kg-day). 
[OHM]^  =    Exposure  point  concentration  of  the  oil  or  hazardotis  material  in  soil  (dimensions:  mass/mass,  typical 

units:  mg/kg). 
IR  =  Daily  soil  ingestion  rate  on  days  exposed  during  the  exposure  period  (dimenricns:  masa^ime,  typical 

\uuts:  mg/day) 
RAF  =  Relative  Absorption  Factor  (dimei\sionless). 

EF  =  Number  of  exposure  events  during  the  exposure  period  divided  by  the  number  of  days  in  the  i 

period  (dimensions:  events/time,  typical  units:  events/day). 
E2D  =  Average  duration  of  each  exposure  event  (dimensions:  time/event,  typical  units:  day/event). 

EP  =  Diu^tion  of  the  exposvire  period  (dimensions:  time,  typical  luiits:  years). 

C  =  Appropriate  units  conversion  factor(s) 
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BW  =  Body  weight  of  the  receptor  of  concern  during  the  averaging  period  (dimensions:  mass,  typical  units:  kg). 

AP  =  Averaging  Period  (dimension:  time,  typical  luits:  years). 


DERMAL  EXPOSURES: 
COMPARISON  WITH  EPA-RECOMMENDED  METHOD 

Equation  7-15  incorporates  the  USEPA  recommended  approach  of  estimating 
dermally  absorbed  doses  from  any  chemical  present  in  soil.    The  USEPA 
equation  (USEPA,  1992;  equation  6.18)  is  based  upon  an  experimentally 
determined  (or  theoretically  derived)  absorption  fraction  (ABS)  to  determine  the 
absorbed  dose  per  event: 


DA 


•vent 


=  C^,  *AF  *ABS 


(7-17) 


Where: 


DA 

AF  = 

ABS  = 


Absorbed  dose  per  event  (mg/cm  -event) 
Contaminant  concentration  in  soil  (mg/kg)(  10     kg/mg) 
Adherence  factor  of  soil  to  skin  (mg/cm  -event) 
Absorption  Fraction 


L 


Note  that  Q^^  and  AF  of  the  USEPA  equation  correspond  to  [OHMl^,  and  AF  in 
Equation  7-15.    The  Absorption  Fraction  (ABS)  of  the  USEPA  equation  is 
incorporated  into  the  Relative  Absorption  Factor  (RAF)  shown  in  Equation  7-15 
(See  Section  7.2.3  for  a  discussion  of  the  derivation  of  RAFs). 

This  comparison  of  USEPA  and  MADEP  approaches  is  included  here  to  address 
a  common  misperception  that  EPA  guidance  recommends  evaluating  dermal 
absorption  for  only  cadmiiun  and  PCBs. 


Inhalation  of  OHM  Contaminated  Particulates 

Airborne  particulates  (fugitive  dust)  may  carry  oil  or  hazardous  material  to  receptors, 
resulting  in  soil-related  inhalation  exposures.  An  Average  Daily  Dose  due  to  the 
inhalation  of  OHM  contaminated  particulates  (ADDj^^p)  may  be  calculated: 


ADD 


[RP]^,*[OHm 


paniculate  inhalation 


paniCate   *^    *  ^^  *EF  *  ED   *EP  *C         ^^_^g^ 


BW*AP 
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Where: 

[RPl,j,  =         Exposure  point  concentration  of  respirable  particulates  (i.e.,  PM,q)  in  the  air  at  the  Exposure  Point 

during  the  exposure  event,  (dimensions:  mass/vohune;  typical  units:  ^tg/m  ) 
[OHM]p^  =    Representative  concentration  of  OHM  in  the  respirable  partic\Jates  at  the  Exposure  Point  dming  the 

period  of  exposure,  (dimensions:    mass/mass;  typical  units:    mg/kg) 
VR  =  Ventilation  (inhalation)  rate  for  the  receptor  of  concern  during  the  period  of  exposure,  (dimeiisions: 

voliune/time;  typical  units:   m  /hour) 
RAF  =  Relative  Absorption  Factor  (dimensionless) 

EF  =  Number  of  exposiu%  events  during  the  exposure  period  divided  by  the  number  of  days  in  the  exposure 

period,  (dimensions:  events/time;  lypical  imits:   events/day) 
ED  =  Duration  of  each  exposure  event,  (dimensions:  time/event;  typical  units:  hours/event) 

EJP  =  Duration  of  the  exposure  period  (dimensions:  time;  typical  units:   years) 

BW  =  Body  weight  of  the  receptor  of  concern  dxiring  the  averaging  period  (dimension:  mass;  typical  units:   kg) 

AP  =  Averaging  Period  (dimension:   time;  typical  units:  years) 

C  =  Appropriate  units  conversion  factors) 

For  airborne  chemicals  which  act  at  the  point  of  contact  (e.g.  the  lungs)  when  inhaled, 
the  Average  Daily  Exposure  of  these  chemicals  calculated  in  the  manner  described 
in  Section  7.3.4.1  would  be  used  in  combination  with  a  Reference  Concentration  or 
Unit  Risk  to  estimate  potential  risks.  Under  such  conditions,  the  ADDp^j^^^,^  mhaiajion 
would  not  be  calculated. 

In  situations  with  high  particulate  concentrations,  the  larger  (greater  than  10  ^im) 
inhaled  particulates  may  result  in  significant  oral  exposures  which  should  also  be 
quantified. 

7.3.4.3  Sediment 

The  Average  Daily  Dose  received  by  a  receptor  via  direct  contact  (dermal  absorption  and 
incidental  ingestion)  with  OHM  contaminated  sediment  will  be  estimated  in  a  manner 
similar  to  the  calculation  of  the  ADD  for  soil  exposure,  including  both  dermal  contact 
with  the  sediment  and  incidental  ingestion  of  that  sediment.  The  inhalation  of  fugitive 
dust  originating  from  contaminated  sediments  would  not  generally  be  evaluated  unless 
climatic  conditions  resulted  in  such  sediments  becoming  dry,  thus  increasing  the 
potential  for  dust  generation. 

7.3.4.4  Drinking  Water 

The  exposure  experienced  by  a  receptor  using  contaminated  water  is  not  limited  to 
exposure  received  when  actually  drinking  the  water.  Several  studies  indicate  that 
significant  exposure  may  also  result  from  the  inhalation  of  material  volatihzed  from  the 
water  and  through  the  absorption  of  contaminants  from  water  in  contact  with  the 
receptor's  skin  (Jo  et  al.,  1990a  and  1990b).  Each  of  these  exposure  pathways  should  be 
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evaluated  separately,  as  described  herein.    The  calculated  oral  and  dermal  doses  are 
assumed  to  be  equitoxic  and  may  be  mathematically  combined: 


^D^,..^  =^Do^  -^D^^ 


(7-19) 


The  assumption  of  equitoxicity  is  not  assumed  to  apply  to  the  dose  received  via  the 
inhalation  of  volatihzed  material  from  the  water,  and  the  risk  associated  with  this 
exposure  must  be  evaluated  separately  using  appropriate  toxicity  information. 

Ingestion  of  Contaminated  Drinking  Water 

The  Average  Daily  Dose  due  to  the  ingestion  of  OHM  contaminated  drinking  water 
(ADD^)  may  be  calculated: 


ADD 


ingestion 


[OHM]^,,  *V7  *RAF  *EF  *ED  *EP  *C 
BW*AP 


(7-20) 


Where: 


[OHM]^ 

VI  = 

RAF  = 
EF  = 

ED  = 
EP  = 
BW  = 

AP  = 
C  = 


Exposvire  point  concentration  of  oil  or  hazardous  material  in  the  drinking  water  at  the  exposure 

point  dxiring  the  exposure  period  (dimensions:    massA'olume;  t3rpical  units:  ^g/liter) 

Volume  of  drinking  water  ingested  by  the  receptor  of  concern  at  (or  from  J  the  exposure  point  during 

the  exposure  period  (dimensions:   volume/time;  typical  units:   liters/day) 

Relative  Absorption  Factor  (unitless) 

The  exposure  frequency,  or  the  number  of  exposure  events  during  the  exposure  period  divided  by 

the  number  of  days  in  the  exposure  period  (dimensions:   events/time;  typical  units:  events/day) 

Duration  of  each  exposure  event  (dimensions:   time/event;  typical  units  =  days/event) 

Duration  of  the  exposiire  period  (dimension:   time;  typical  units:  years) 

Body  weight  of  the  receptor  of  concern  during  the  averaging  period  (dimensions:    mass;  typical 

Tinits:    kg) 

Averaging  Period  (dimension:   time) 

Appropriate  units  conversion  factor(s) 


Dermal  Absorption  of  OHM  Via  Drinkinef  Water 

Dermal  absorption  of  oil  or  hazardous  material  may  occur  while  the  receptor  is  in 
contact  with  the  contaminated  drinking  water.  Everyday  activities  such  as  showering, 
bathing,  washing  floors  and  cooking  lead  to  direct  contact  with  water  and  may  result 
in  dermal  absorption  of  the  chemicals. 

DEP/ORS  has  assessed  the  magnitude  of  the  dermal  exposure  received  dining 
showering  (Brown  et  al.,  1984)  and  has  evaluated  this  exposure  relative  to  that  which 
a  receptor  would  be  expected  to  receive  from  drinking  the  same  water.    For  most 
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organic  compounds,  the  shower/dermal  absorption  exposures  are  estimated  to  be 
approximately  20%  (or  less)  than  the  estimated  drinking  water  ingestion  exposures 
(MADEP,  1992a).  For  chemicals  which  penetrate  the  skin  the  fastest  (Le.,  those  with 
high  permeabihty  constants  of  approximately  1  cmVcm^  •  hr  or  greater),  the  dermal 
doses  received  are  roughly  equivalent  to  the  ingestion  doses  (Hutcheson,  et  aL,  in 
press).  Based  upon  these  observations,  BWSC  recommends  that  the  following 
streamlined  approach  be  adopted^ 

•  For  the  majority  of  organic  compounds,  the  absorbed  dermal  dose  may  be  approximated  as 
20%  of  the  calculated  dose  received  from  drinking  water  ingestion: 

^DD,,^^   =  0^*ADD,„„„^ 

•  For  organic  compoimds  which  have  a  permeability  constant  greater  the  0.5  cm'/cm^-hr 
(including  ethylbenzene  and  toluene),  the  absorbed  dermal  dose  m^  be  apprazimated  as  the 
calculated  dose  received  from  drinking  water  ingestion: 

•  For  metals  and  inorganic  compounds,  the  dermal  exposures  experienced  during  showering 
may  be  assimied  to  be  ne^gible  when  compared  with  the  exposures  received  while  ingesting 
the  contaminated  water. 

These  approximations  are  considered  protective  for  most  chemicals,  and  when 
appHed  within  the  stated  limitations,  would  be  generally  be  acceptable  to  the 
BWSC.  However,  the  approach  is  generic,  and  will  yield  less  accurate  dose 
estimates  for  some  compounds  than  others.  Therefore,  as  an  alternative,  the  risk 
assessor  may  choose  to  expUcitly  calculate  the  dose  received  when  the  receptor 
comes  into  dermal  contact  with  contaminated  water.  The  equation  presented 
under  Surface  Water  Exposures  may  be  used  with  assumptions  appropriate  to  the 
specific  exposure  being  modelled. 

Inhalation  of  OHM  Volatilized  from  Drinking  Water 

As  with  the  dermal  exposures  associated  with  the  use  of  drinking  water,  numerous 
studies  (Andelman,  1985;  Foster  and  Chrostowski,  1987;  McKone,  11987;  McKone, 
1991)  have  looked  at  the  magnitude  of  the  inhalation  exposiu'es  associated  with 
household  water  use.  Based  on  a  review  of  those  studies,  ORS  has  concluded  that  for 


These  approaches  aggiimn  100%  absorption  via  ingestion.  The  equation  should  be  modified  (dividing  the  ADD 
ingestion  by  the  oral  absorption  eSBoBxxcy)  if  less  oral  absorption  is  assumed  to  occur. 

Example:  ADDdermal    =    0.2  *  ADDingestion   -r    Oral  Absorption  EfGoiency 
Note  that  Aggiiming  lower  oral  absorption  increases  the  fraction  of  the  total  dose  attributable  to  dermal  coutft. 
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volatile  organic  compounds  (i.e.  compounds  with  a  Hemys  Law  Constant  equal  to  or 
greater  than  5  x  10"^  atm*m  /mol*K),  the  shower /inhalation  exposures  are  likely  to 
be  approximately  equal  to  and  no  greater  than  the  estimated  drinking  water  ingestion 
exposures.  However,  exposures  to  compounds  with  lower  Hemy's  Law  Constants  are 
likely  to  be  lower. 

Based  upon  these  observations,  BWSC  recommends  that  the  following  streamlined 
approach  be  adopted  for  the  evaluation  of  shower/inhalation  exposures: 

•  For  chemicals  with  a  Hemy's  Law  constant  equal  to  or  greater  than 
5  X  10"*  atm  •  m^'/mol  •  **K  (at  20->25*'C),  the  appUed  dose  (in  mg/kg/day)  received 
via  inhalation  may  be  approximated  as  the  calculated  applied  dose  received  from 
drinking  water  ingestion  (This  value  would  correspond  to  the  result  of 
Equation  20  if  the  RAF  factor  were  removed.) 

•  For  chemicals  with  a  Hemy's  Law  constant  less  than  5  x  10^  but  greater  than  or 
equal  to  1  x  10"*  atm  •  mVniol  •  "K  (at  20->25**C),  the  apphed  dose  (in  mg/kg/day) 
received  via  inhalation  may  be  approximated  as  one  half  the  calculated  applied 
dose  received  from  drinking  water  ingestion  (or  \  The  value  which  would  result 
from.  Equation  20  if  the  RAF  factor  were  removed.) 

•  For  chemicals  with  a  Henry's  Law  constant  less  than  1  x  10"*  atm  •  mVmol  '"K  (at 
20-»25**C),  the  inhalation  exposm*es  experienced  during  showering  are  assumed  to 
be  neghgible  relative  to  the  ingestion  exposures  and  would  not  need  to  be 
evaluated  unless  the  chemical  under  investigation  is  significantly  more  toxic  when 
inhaled  than  when  ingested. 

Unlike  the  dermal  exposures,  however,  it  cannot  be  assumed  that  the  chemicals  have 
equal  toxicity  by  inhalation  and  oral  exposures.  In  order  to  estimate  risk  using  the 
Reference  Concentration  or  Unit  Risk  toxicity  values,  the  doses  approximated  as 
above  must  be  converted  to  an  apphed  inhalation  exposure  (in  concentration  units 
such  as  fig/m)  using  the  following  equation: 


ADE 


Inhalation 


VR 


(7-21) 


Where: 

ADE^  = 
ADD_   = 


The  average  dafly  e3q>osure  to  the  oontaminant  in  air  resulting  from  one  shower  eK|Kiwire  per 
day  (dimensions:  mass/volume;  typical  units:  fig/xsi). 

Average  daily  dose  of  OHM  (ia  inhalation)  approximated  from  the  water  ingestion  pathway 
(dimensions:  mass/mass- time;  typical  units:  mg/kgday). 
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BW  = 

C  = 
VR  = 


Body  weight  of  the  receptor  of  concern  during  the  averaging  period  (dimension:  mass;  tyfieai 

units:  kg). 

Appropriate  units  conversion  faotoKs). 

Ventilation   (inhalation)   rate   for   the   receptor   of  concern   during   the   exposure   event 

(dimensions:  volume/time;  typical  units:  m^/hr.) 


NOTE!:  Equation  21  provides  the  calculation  of  an  Average  Daily  Exposure.  If  the  goal  is  to  calculate  the  exposue 
point  concentration  during  the  shower  event.  Exposure  Frequency  and  Elxposure  Duration  terms  should 
be  inserted  in  the  denominator  of  Ek]uation  21: 

EF  =  Exposure  firequency.  The  number  of  shower  events  during  the  exposure  period  divided  by  the 

number  of  d^s  in  the  exposure  period.  (Dimensions:  events/time;  typical  units:  event/day). 
ED  =  Duration  of  shower  exposure  event  (dimensions:  time/event;  typical  units:  minutes/evoit). 

Alternatively,  shower  models  available  in  the  hterature  (Foster  and  ChrostowskI, 
1987)  may  be  used  to  estimate  chemi(al-spe<afic  air  exposures. 

7.3.4.6       Surface  Water 


Contamination  in  surface  water  can  result  in  receptor  exposures  from  the  incidental 
ingestion  of  the  water,  through  dermal  contact  with  the  water,  and  through  the 
inhalation  of  material  volatilized  from  the  water.  As  with  the  drinking  water  evaluation, 
the  ingestion  and  dermal  doses  are  assiuned  to  be  equitoxic  and  the  estimated  values  may 
be  mathematically  combined: 


ADD 


oral,  darmal 


=  ADD 


oul 


ADD 


dennal 


(7-22) 


The  assumption  of  equitoxidly  is  not  assiuned  to  apply  to  the  dose  received  via  the 
inhalation  of  volatilized  material  from  the  water,  and  the  risk  associated  with  this 
exposure  must  be  evaluated  separately  using  appropriate  toxicity  information. 

Surface  Water  Ingestion 


The  equation  used  to  estimate  the  Average  Daily  Dose  received  by  a  receptor  via  the 
ingestion  of  contaminated  surface  water  (ADDg^^f^^^j^g^^^j^)  is  identical  to  that  used 
to  evaluate  drinking  water  ingestion  exposures,  which  is  described  earUer  in  this 
section.  The  assumptions  chosen  to  describe  the  exposure  (the  volvune  of  water 
ingested,  the  duration  of  the  exposure  event,  etc..)  should  be  representative  of  the 
exposiu-e  scenario  being  modelled. 


Surface  Water.  Dermal  Contact 


The  Average  Daily  Dose  of  a  chemical  received  via  dermal  absorption  from  surface 


water  (ADD 


dermal,  water 


)  may  be  calculated  using  the  following  equation.   This  approach 


is  recommended  by  BWSC  for  all  chemicals  when  the  dermal  exposure  is  expUdtly 
calculated. 
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ADD 


dwmal.  water 


[OHM] *SA  *K^  *RAF  *EF  *ED  *EP  *C 

BW*AP 


(7-23) 


Where: 

OHfnBI 

[OHMl,,^ 
SA   = 


^  = 


RAF   = 


EF   = 

ED   = 
EP   = 
C   = 
BW   = 

AP   = 


Average  daily  dose  of  oil  or  hazardous  material  associated  with  dermal  contact  CKposttre  to 

contaminated  water.   In  units:   mg/kg/day. 

The  concentration  of  contaminant  in  water  which  is  contacting  the  skin  during  the  exposure  event. 

(Dimensions:    mass/volume;  typical  units:  /ig/liter). 

Body  surface  area  exposed  to  contaminated  water  during  the  exposure  event,   (dimensions:  area; 

typical  units:  cm  ). 

3  2 

Permeability  Ck>nstant.  (dimensions:  volume/(time  *  area);  typical  units:  cm  /(hr  *  cm  ),  which  is 

often  simplified  to  cm/hr). 

Relative  Absorption  Factor  for  dermal  contact  with  water.  Note:  when  the  permeability  constant 

(K)  is  tised  to  determine  the  flux  of  contaminant  through  the  skin,  it  results  in  an  absorbed  dose 

of  OHM.  The  RAF  is  \ised  here  to  a4just  this  absorbed  dose  to  make  it  comparable  to  the  toxicity 

value  employed  to  estimate  risk.  The  numerator  of  the  RAF  must  be  assigned  a  value  of  1,  and  the 

denominator  depends  upon  the  absorption  in  the  stucfy  which  is  the  basis  of  the  toxicity  vahie  (See 

Section  7.2.3).  If  the  toxicity  value  itself  is  bctfed  on  an  absorbed  dose,  then  the  BAF^^,„^  is  1  by 

definition.   Dimensionless. 

The  exposure  frequency,  or  the  number  of  exposure  events  during  the  exposure  period  divided  by 

the  number  of  days  in  the  exposure  period  (dimensions:  events/time;  typical  units:   events/day). 

The  duration  of  each  exposure  event  (dimensions:   time/event;  typical  units:  hours/event). 

Duration  of  exposure  period  (dimension:  time;  typical  units:  years). 

^propriate  units  conversion  factor(s). 

Body  wei^t  of  the  receptor  of  concern  during  the  averaging  period  (dimensions:    mass;  typical 

units:   kg). 

Averaging  Period  (dimension:   time;  typical  units:  years). 


Alternatively,  another  model,  specific  to  organic  compounds  and  assuming  some 
exposure  period  before  a  steady-state  condition  is  established,  is  described  in  a 
USEPA  Interim  Report  (USEPA,  1992).  The  USEPA  cautions  in  that  document  that 
this  procedure  is  still  under  review  by  the  scientific  community  and  that  further 
refinement  of  the  approach  is  expected. 

Inhalation  Exposures  Associated  With  Contaminated  Surface  Water 

Under  some  circumstances  the  volatilization  of  oil  or  hazardous  material  &om  surface 
water  may  contribute  to  exposm*e  experienced  by  the  receptor  of  concern.  Such 
exposures  are  more  likely  to  be  of  concern  if  the  material  is  volatilizing  into  a 
confined  space  or  if  the  concentrations  in  the  surface  water  are  relatively  high.  The 
exposures  associated  with  this  scenario  may  be  evaluated  following  the  equation 
presented  in  Section  7.3.4.1,  with  the  [OHM]^^  term  being  either  measured  or 
modelled  air  concentrations  of  the  coniaminant. 
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7.3.4.7  Food 

The  average  daily  dose  (ADD,^^)  experienced  by  the  receptor  as  a  resiilt  of  consuming 
food  (e.g.  garden  produce)  containing  oil  or  hazardous  material  may  be  estimated  using 
the  following  equation.  The  general  form  of  this  equation  may  be  apphed  to  the 
ingestion  of  contaminated  fish,  meat,  or  vegetables.  The  evaluation  of  exposure  to  infants 
from  ingesting  mother's  milk  or  other  fluids  may  be  estimated  using  the  general  equation 
for  drinking  water  exposures  in  combination  with  the  appropriate  exposure  factors. 

[OHM],^  *FI  *RAF  *EF  *ED  *EP  *C 
ADD^  = — (7-24) 

"^  BW*AP 

Where: 

[OHMl,^^^  =  Representative  concentration  of  OHM  in  the  food  of  concern  dtiring  the  period  of  exposure  (dimeosiomg: 

mass/mass,  typical  units:  mg/kg) 
FI  =  Daily  intake  of  the  food  of  concern  on  days  exposed  during  the  exposure  period  (dimensions:  mass/event; 

typical  \inits:  mg/meal) 
RAF  =  Bioavailability  Adjustment  Factor 

EF  =  Number  of  exposiore  events  during  the  exposure  period  divided  by  the  nvmiber  of  daj^  in  the  exposure 

period  (dimensions:  eventsA:ime.  typical  uiuts:  meals/day) 
ED  =  Duration  of  the  exposure  period  (dimension:   time,  typical  units:  years) 

BW  =  Body  weight  of  the  receptor  of  concern  dxuing  the  averaging  period  (dimension:  mass,  typical  units:  kg) 

AP  =  Averaging  Period  (dimensions:  time,  tjrpical  xmits:  years) 

C  =  Appropriate  units  conversion  factor(s) 

7.3.4.8  Calculation  of  Lifetime  Average  Daily  Dose  (For  All  Media) 

The  lifetime  average  daily  dose  should  be  calculated  to  reflect  age-related  differences  in 
exposure  rates  that  are  experienced  by  a  receptor  throughout  his  or  her  lifetime  of 
exposure.  Because  of  their  low  body  weight  and  behavioral  characteristics,  young 
children  receive  greater  exposure  per  unit  body  weight  than  older  children  and  adults. 
Furthermore,  young  children  typically  have  more  dermal  contact  with  soil  and  more 
hand-to  mouth  activity.  Therefore,  the  LADD  should  be  calculated  in  a  way  that  does 
not  "dilute"  the  higher  exposure  rates  experienced  by  young  children  with  lower  e^osure 
rates  experienced  by  older  children  and  adults. 

For  example,  a  LADD  (based  on  a  30-year  exposure  period)  which  uses  an  average 
body  weight  and  skin  surface  area  value  for  all  ages  of  receptor  (1<31)  will  not  be 
protective  of  the  high  exposure  rates  in  young  children  and  is  not  a  recommended 
procedure. 
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There  are  a  number  of  averaging  methods  that  can  be  used  to  calculate  a  LADD  that 
reflects  the  higher  exposure  rates  experienced  by  young  children.  One  method  is  to 
calculate  average  annual  dose  rates,  normalized  to  body  weight,  for  each  year  of  exposxu-e. 
The  sum  of  the  dose  rates  is  then  averaged  over  a  lifetime  (75  years).  The  equation 
below  shows  this  averaging  approach.  However,  this  type  of  calculation  can  be  tedious, 
even  when  performed  by  computer. 


LADD  = 


30  year,     jj^^  ^  £p. 


i=0 


BW. 


(7-25) 


AP 


Where: 

IRj  =  Average  Intake  rate  for  the  exposure  period  (mg/day) 

EP  =  Exposure  period,  one  year 

BW|  =  Age-dependent  body  weight,  ages  0  to  30 

AP  =  Averaging  Period,  lifetime  (75  years) 

As  an  alternative,  there  is  a  simpler  averaging  approach  which  can  be  used  to  calculate 
the  lifetime  average  daily  dose.  This  simpler  approach  gives  essentially  the  same  results 
as  the  year-by-year  averaging  method.  The  simpler  averaging  approach  uses  a  weighted 
average  for  younger  children  aged  1  to  6.  Children  aged  1  to  6  is  a  logical  choice  for  the 
weighted  group  because  the  default  soil  ingestion  rate  for  children  aged  1  to  6  is  100  mg 
per  day  (double  the  rate  used  for  older  children  and  adults).  Thus,  children  aged  1  to 
6  have  a  much  higher  rate  of  exposure  because  of  the  higher  rate  of  soil  ingestion 
assumed. 

As  the  equation  below  shows,  only  two  Average  Daily  Doses  need  to  be  calculated  instead 
of  30.  This  greatly  simpUfies  the  calculations.  The  Average  Daily  Dose  for  children  aged 
1  to  6  is  calculated  using  average  exposure  parameters  for  children  in  this  age  group. 
Similarly,  the  Average  Daily  Dose  for  the  receptors  aged  6  to  31  is  calculated  using 
average  values  for  receptors  in  this  group.  The  LADD  is  then  calculated  as  the  sxmi  of 
the  two  doses  averaged  over  a  lifetime.  The  equation  below  shows  this  weighted 
calculation. 
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IR 


1<6 


lADD  = 


BW. 


1<6 


X  EP,    + 


AP 


"^i 


BW. 


X  EP. 


6<31 


(7-26) 


Where; 


IRi<6 
EP,  = 

EPg  = 
AP    = 


Average  Intake  rate  for  receptors  aged  1<6  (m^day) 

£zi)08ure  period,  5  years 

Average  body  wei^^  for  children  ages  1  to  6 

Average  Intake  rate  for  receptors  aged  6  to  31  (mg/day) 

Exposure  period,  25  years 

Average  body  weight  for  receptors  aged  6  to  31 

Averaging  Period,  lifetime  (75  years) 


As  stated  above,  this  weighted  average  approach  can  be  used  to  calculate  the  LADD  and 
will  result  in  essentially  the  same  results  as  the  more  comphcated  year-by-year  averaging 
approach. 


7.4       RISK  CHARACTERIZATION 

Risk  Characterization  is  the  final  step  in  the  risk  assessnient  process.  In  this  step,  the 
results  of  the  Hazard  Identification,  Dose-Response  Assessment  and  Exposure  Assessment 
are  integrated  to  yield  quantitative  measures  of  cancer  and  noncancer  risk.  The  Risk 
Characterization  can  be  thought  of  as  providing  a  link  between  risk  assessment  and  risk 
management  because  it  presents  the  numerical  estimates  of  risk  posed  by  the  site  in  a 
context  that  can  be  used  easily  by  risk  managers  to  make  decisions  about  remediation. 
In  accordance  with  the  MCP  (310  CMR  40.0993(6)),  the  Risk  Characterization  step  must  also 
must  include  a  comparison  of  Exposure  Point  Concentrations  (EPCs)  with  apphcable  or 
suitably  analogous  public  health  standards. 

A  critical  component  in  the  presentation  of  risk  estimates  is  the  discussion  of  n^jor 
assumptions,  scientific  judgements  and  imcertainties  inherent  in  the  numerical  risk 
estimates.  The  importance  of  this  component  cannot  be  overstated.  The  discussion  of 
imcertainties  should  place  the  numerical  estimates  of  risk  and  hazard  in  the  overall  context 
of  what  is  known  about  the  site  and  what  is  imcertain.  The  numerical  risk  estimates  should 
never  be  interpreted  as  a  characterization  of  absolute  risk  but  should  always  be  interpreted 
in  the  context  of  the  imcertainties. 

The  regulations  provide  dear  direction  regarding  the  way  numerical  estimates  of  risk  are  to 
be  presented  in  the  Risk  Characterization  (310  CMR  40.0933).  The  MCP  requires  that 
chemical-specific  and  medium-specific  estimates  of  risk  be  combined  to  yield  Cumulative 
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Cancer  and  Noncancer  Risks  for  each  Receptor.  These  Cumulative  Risks  are  then  compared 
with  specific  risk  management  criteria  which  include  pubhc  health  standards  and  Cumulative 
Receptor  Risk  Limits  (310  CMR  40.0933(6)).  The  result  of  this  comparison  determines 
whether  a  condition  of  No  Significant  Risk  of  harm  to  human  health  exists  or  has  been 
achieved  at  the  site. 

This  Section  of  the  Guidance  describes  methods  for  characterizing  cancer  and  noncancer 
risks  and  discusses  the  interpretation  of  Risk  Characterization  results  within  the  context  of 
the  MCP.  This  Section  also  addresses  the  identification  of  AppHcable  or  Suitably  Analogous 
Pubhc  Health  Standards  and  the  comparison  of  such  standards  with  EPCs.  Lastly,  this 
Section  addresses  how  uncertainties  in  the  Risk  Assessment  should  be  addressed. 

7.4.1    Noncancer  Risk 

The  measure  used  to  describe  the  potential  for  noncardnogenic  health  effects  is  the 
Hazard  Index  (HI).  For  a  given  chemical,  the  HI  is  the  ratio  of  a  receptor's  exposure 
level  (or  dose)  to  the  "acceptable"  (or  allowable)  exposiu*e  level.  A  Hazard  Index  of  1.0  or 
less  indicates  that  the  receptor's  exposure  is  equal  to  or  less  than  the  allowable  exposure 
level,  and  it  is  considered  unlikely  that  adverse  health  effects  will  occiu-.  When  the  HI 
is  less  than  or  equal  to  1.0,  a  conclusion  of  "No  Significant  Risk  of  harm  to  human 
health"  based  on  non-cancer  effects,  is  appropriate. 

A  HI  of  greater  than  1.0  indicates  that  noncancer  health  effects  could  occur,  and  cannot 
be  ruled  out.  It  does  not  mean  that  noncancer  effects  will  occur.  Uncertainty  inherent 
in  most  Reference  Doses  precludes  identifying  a  specific  dose  above  which  adverse  effects 
are  likely  and  below  which  effects  are  unlikely.  Accordingly,  the  probabihty  of  an  effect 
cannot  be  quantified  fi-om  a  HE.  For  any  one  chemical,  it  is  always  true  that  the 
likelihood  of  an  effect  increases  as  the  exposure  level  (and  therefore  the  HI)  increases. 

The  uncertainty  inherent  in  RfDs  for  different  chemicals  differs  both  qualitatively  and 
quantitatively.  Therefore,  for  different  substances,  the  probabihty  of  an  effect  increases 
at  different  rates.  For  example,  a  HI  of  20  for  one  substance  may  indicate  a  very  high 
probabihty  of  an  effect,  but  may  represent  only  a  moderate  probability  of  an  effect  for 
another  chemical. 

In  interpreting  the  HI,  one  must  consider  the  appropriateness  of  the  exposure 
assumptions  and  the  basis  of  the  toxicity  information  used  to  develop  the  RfD.  As  a 
general  rule,  the  greater  the  HE  is  above  1.0,  the  greater  the  level  of  concern. 

In  its  most  general  form,  the  Hazard  Index  associated  with  a  chemical  via  a  given  route 
of  exposm*e  is  calculated  as: 
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HI  =  ^  (7-27) 


or,  for  inhalation  exposures, 


[OHM\. 
HI  = i^  (7-28) 


Where: 


HI  =  The  Hazard  Index  associated  with  exposure  to  the  «»VM»fn«»al  via  the  specified  route  of  exposore. 

ADD  =  The  estimated  Average  Daify  Dose  ofthe  chemical  via  the  specified  ezpoetire  route.  In  mg/kg/dagr. 

BSD  =  The  oral  Reference  Dose  or  appropriate  substitute  toaddty  value  identified  for  the  «^h<>mi4^1  of 

concern.  In  mg/kg/day. 
[OHM]^^  =  The  Exposure  Point  Concentration  of  the  Oil  or  ^oardons  Material  in  air.   In  fig/m  . 

RfC  =  The  Reference  Concentration  or  substitute  toxicity  vahie  identified  for  the  chemical  of  ccmoem. 

In  fig/m^. 

The  Average  Daily  Dose  (ADD)  in  equation  7-27  is  calculated  from  the  Exposure  Point 
Concentration  using  exposure  assumptions  consistent  with  the  Exposure  Profiles 
developed  for  each  receptor  being  evaluated.  Section  7.3  of  this  Guidance  describes  the 
process  for  calculating  a  receptor's  ADD. 

The  allowable  dose  or  exposure  (denominators  in  equations  7-27  and  7-28)  will  typicalljr 
be  the  EPA  Reference  Dose  (Rfl))  for  most  exposxu*e  routes  or  the  EPA  Reference 
Concentration  (RfC)  for  air  exposiu-es.  Selection  of  an  appropriate  "acceptable"  dose  is 
discussed  in  Section  7.2. 

It  is  important  to  calculate  separate  His  for  acute,  subchronic  or  chronic  exposures  if 
these  have  been  identified  as  exposure  periods  of  concern  in  the  development  of  exposure 
profiles. 

As  mentioned  previously,  the  MCP  requires  that  cumulative  noncancer  risks  be 
calculated.  A  cumulative  HI  represents  the  cumulative  noncarcinogenic  impact  that  the 
site  has  on  a  particular  receptor  group.  The  cumulative  HI  accounts  for  exposures  that 
a  receptor  may  receive  from  multiple  chemicals  and  multiple  exposiu*e  routes. 

Again,  remember  that  separate  cumulative  His  are  calculated  for  acute,  subchronic  or 
chronic  exposures  that  have  been  identified  as  exposure  period  of  concern  for  the  site. 

As  shown  by  the  following  two  equations,  the  ounulative  HI  can  be  calculated  by 
summing  the  exposure  route-specific  HI.  Route  specific  HI  are  calculated  as  the  sum  of 
all  chemical-specific  His. 
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TotalHI^^,^^  =  E  Z//,;,,^.,^  (7-29) 


Cumulative  HI  =  i:  HI^^_^^^^  (7^0) 

If  the  risk  calculations  are  being  performed  using  a  probabilistic  analysis,  the  rii^ 
assessor  must  identify  the  dose  or  concentration  associated  with  the  95**  percentile 
estimate  of  exposure  (310  CMR  0993(5)).  This  dose  or  concentration  should  be  compared 
with  the  toxicity  value  identified  following  the  dose/response  section  of  this  Guidance. 
This  HI  is  then  compared  with  the  HI  Limit  of  1.0  in  order  to  determine  whether  tiie 
site  poses  a  significant  risk  of  harm  to  human  health  based  on  the  risk  of  noncancer 
health  effects. 

The  documentation  of  the  Risk  Characterization  m\ist  clearly  present  all  mathematical 
equations  used  to  calculate  Cumulative  Noncancer  Risks  (310  CMR  40.0993(9). 

7.4.1.1       Screening  Hazard  Index 

Initially,  the  risk  assessor  should  use  equation  7-30  above  to  calculate  a  Screening  Hazard 
Index  for  a  given  receptor  group  based  on  all  chemicals  of  concern  at  the  site  in  all 
exposure  routes  at  all  exposure  points.  A  HI  calculated  in  this  way  will  provide  a 
conservative  estimate  of  the  true  HE  because  it  treats  as  additive,  different  toxic  effects 
from  multiple  chemicals  acting  on  different  organ  systems  by  different  mechanisms  of 
action.  In  fact,  in  a  true  HE,  the  only  endpoints  which  should  be  treated  as  additive  are 
those  which  produce  adverse  effects  on  the  same  organ  sj^tem  by  the  same  mechanism. 
Thus,  the  Screening  HI  wUl  provide  a  conservative  estimate  of  the  actual  HI  because  it 
reflects  the  sum  of  toxicities  for  multiple  chemicals,  regardless  of  the  chemical's  health 
endpoint,  target  organ  or  mechanism  of  action. 

Recall  that  there  may  be  multiple  adverse  health  effects  associated  with  exposure  to  a 
given  chemical  and  it  is  the  most  sensitive  adverse  health  effect  observed  in  the  scientific 
data  which  drives  estimation  of  the  Reference  Dose.  Thus,  for  a  given  group  of 
chemicals,  Reference  Doses  may  be  based  on  a  different  toxic  effects  on  different  organ 
systems  by  different  mechanisms  of  action. 

The  screening  HI  should  be  compared  with  the  MCP  Cumulative  Receptor  Noncancer 
Risk  Limit  which  is  a  HI  equal  to  1.0  (310  CMR  40.0933(6)).  If  the  screening  HI  is  less 
than  1.0,  then  no  additional  effort  is  needed  to  characterize  noncancer  risks.  However, 
if  the  screening  HI  exceeds  1.0,  the  risk  assessor  should  then  calculate  separate  His  for 
chemicals  with  similar  toxic  effects  and  mechanisms  of  action. 
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Remember  that  separate  screening  His  should  be  calculated  for  different  exposure 
periods  (i.e.,  chronic,  subchronic,  acute). 

7.4.1.2       Health  Endpoint-SpecifLc  Hazard  Index 

The  procedure  for  segregating  His  by  effect  and  mechanism  of  action  is  not  simple  and 
should  be  performed  by  a  toxicologist.  If  the  segregation  is  done  improperly,  an 
imderestimate  of  the  true  hazard  could  result.  Segregation  of  His  requires  identification 
of  the  m^or  health  endpoints  of  each  chemical,  including  effects  observed  at  higher  doses 
than  the  critical  effect  on  which  the  toxicity  value  is  based.  This  is  because  the  critical 
effect  for  one  chemical  may  not  be  relevant  for  other  chemicals  and  doses  of  other 
chemicals  may  not  be  additive  for  that  effect.  On  the  other  hand,  additive  impacts  could 
be  important  for  other  health  endpoints  that  are  only  expected  at  higher  doses. 

M^'or  effect  categories  that  should  be  considered  in  segregating  chemicals  indude 
neurotoxicity,  developmental  toxicity,  reproductive  toxicity  and  immunotoxicity.  Adverse 
effects  also  should  be  categorized  by  target  organ  (i.e.,  hepatic,  renal,  respiratory, 
cardiovascular,  gastrointestinal,  hematological,  musculoskeletal  and  dermal/ocular).  The 
effects  and  mechanism  of  action  should  be  discussed  in  the  toxicological  profile. 

Once  chemicals  have  been  categorized,  the  Cimiulative  Hazard  Index  for  chemicals  with 
similar  health  endpoints  and  mechanisms  of  toxicity  should  be  calculated.  Each  HI 
should  be  compared  with  the  MCP  Ciunulative  Receptor  Noncancer  Risk  Limit  which  is 
a  HI  equal  to  1.0.  If  any  of  the  His  exceeds  one,  then  the  Risk  Characterization  must 
conclude  that  the  site  poses  Significant  Risk  of  harm  to  human  health  based  on  the  risk 
of  noncancer  health  effects. 

7.4.2    Cancer  Risk 

The  potential  for  carcinogenic  (i.e.,  nonthreshold)  health  effects  is  characterized  as  the 
Excess  Lifetime  Cancer  Risk  (ELCR).  The  ELCR  represents  the  incremental  probabihty 
of  an  individual  developing  cancer  over  a  lifetime  as  a  result  of  exposure  to  the  potential 
carcinogen.  For  a  given  chemical,  the  estimated  ELCR  is  the  product  of  the  receptor's 
quantified  exposure  and  a  measure  of  carcinogenic  potency.  The  typical  measures  of 
carcinogenic  potency  are  the  EPA  Cancer  Slope  Factor  (SF)  for  most  exposure  routes  and 
the  Unit  Risk  (UR)  for  inhalation. 

In  its  basic  form,  the  ELCR  associated  with  exposure  to  a  given  chemical  via  a  particular 
exposure  pathway  is  estimated  as  follows: 
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ELCR  =  LADD  x  SF 


(7-31) 


or,  for  inhalation  eoqposures. 


ELCR  =  [OHM]^  X  UR 


or 


(7-32) 


Where: 

ELCR  = 

LADD  = 

SF  = 

[OHM]^ 
UR  = 


The  ^cesa  Lifetime  Cancer  Risk  aaaociated  with  exposure  to  the  rhomiral  via  the  qtedfied  route  of 

exposure. 

The  estimated  Lifetime  Average  Daily  Dose  of  the  chwrnical  via  the  specified  exposure  route.     In 

mg/kg/day. 

The  Cancer  Slope  Factor  identified  for  the  chemiral,  appropriate  to  the  specific  exposure  pathway.   In 

(mg/kg/day)*  .   The  selection  of  this  toxicity  value  is  discussed  in  Section  7.2.2  of  this  Guidance. 

The  Exposure  Point  Concentration  of  the  Oil  or  Hazardous  Material  in  air.   In  ng/m  . 

The  Unit  Risk  for  the  particular  chemical  of  concern.  In/tg/m  .  The  identification  and  selection  of  UR 

values  is  described  in  Section  7.2.2. 


The  Lifetiine  Average  Daily  Dose  (LADD)  in  equation  7-31  is  calculated  from  the 
Exposure  Point  Concentration  using  exposure  assumptions  consistent  with  the  Exposure 
Profiles  developed  for  each  receptor  being  evaluated.  Section  7.3  of  this  Guidance 
describes  the  process  for  calculating  a  receptor's  LADD.  The  selection  of  Cancer  Slope 
Factors  and  Unit  Risk  values  is  discussed  in  greater  detail  in  Section  7.2.2. 

As  mentioned  previously,  the  MCP  requires  that  cumulative  cancer  risks  be  calculated. 
The  cumulative  cancer  risk  must  be  estimated  for  all  Class  A  and  B  carcinogens  (Le., 
chemicals  classified  by  EPA  as  being  known  himian  carcinogens  and  probable  human 
carcinogens).  For  most  Class  C  Carcinogens  (i.e.,  those  classified  by  EPA  as  being 
possible  human  carcinogens),  the  available  toxicity  data  is  insufficient  to  quantify  cancer 
risks.  In  general,  potential  carcinogenic  effects  of  these  substances  should  be  discussed 
quahtatively  in  the  Uncertainty  Section  of  the  Risk  Assessment.  However,  the 
Department  may  in  the  future  identify  some  Class  C  carcinogens  for  which  there  is 
sufficient  data  to  include  these  substances  in  the  quantitative  assessment  of  carcinogenic 
risk. 

The  cimiulative  ELCR  represents  the  cumulative  carcinogenic  impact  that  the  site  has 
on  a  particular  receptor  group.  The  cumulative  ELCR  accounts  for  exposures  that  a 
receptor  may  receive  fi*om  multiple  chemicals  and  multiple  exposure  routes. 

As  shown  by  the  following  two  equations,  the  cumulative  ELCR  can  be  calculated  by 
summing  all  of  the  exposxu'e  route-specific  ELCRs.  Route-specific  ELCRs  are  calculated 
as  the  sum  all  the  chemical-specific  ELCRs. 
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This  is  represented  by  the  following  equations: 


TotalELCR^^_^^  =  E  ELCR^,^^.^^^  (7-33) 


Cumulative  ELCR  =  E  ELCR^^_^^^  (7-34) 

The  Cumulative  ELCR  should  be  compared  with  the  MCP  Cumulative  Receptor  Cancer 
Risk  Limit  which  is  an  ELCR  eq\ial  to  one-in-one  hundred  thousand  (1  x  lO"^.  If  the 
Cum\ilative  Cancer  Risk  exceeds  the  ELCR  Limit  then  the  Risk  Characterization  must 
conclude  that  the  site  poses  significant  risk  of  harm  to  human  health  based  on  the  risk 
of  cancer  health  effects. 

If  the  risk  calculations  are  being  performed  using  a  probabilistic  anal3^as,  the  risk 
assessor  must  identify  the  dose  or  concentration  associated  with  the  95**  percentile 
estimate  of  exposure  (310  CMR  0993(5)).  This  dose  or  concentration  should  be  compared 
with  the  toxicity  value  identified  following  the  dose/response  section  of  this  Guidance. 
This  ELCR  is  then  compared  with  the  Cancer  Risk  Limit  of  1  x  10^  in  order  to  determine 
whether  the  site  poses  a  significant  risk  of  harm  to  human  health  based  on  the  risk  of 
cancer  health  effects. 

The  documentation  of  the  Risk  Characterization  must  clearly  present  all  mathematical 
equations  used  to  calculate  Cimiulative  Cancer  Risks  (310  CMR  40.0993(9). 

7.4^    Comparison  to  Applicable  or  Suitably  Analogous  Public  Health  Standards 

The  MCP  requires  that  the  characterization  of  risk  of  harm  to  human  health  include  a 
comparison  of  EPCs  to  apphcable  or  suitably  analogous  pubUc  health  standards.  The  list 
of  such  standards,  as  provided  in  the  MCP  includes,  but  is  not  limited  to: 

•  Massachusetts  Drinkmg  Water  Quality  Standards,  promtilgated  in  310  CMR  22.00  (these 
standards  are  considered  applicable  only  to  category  GW-1  groundwater). 

•  Massachusetts  Air  Quality  Standards  promulgated  in  310  CMR  6.00;  and 

•  Massachusetts  Surface  Water  Quality  Standards  promulgated  in  314  CMR  4.00. 

It  should  be  noted  that  the  MCP  Method  1  Soil  and  Groundwater  Standards  listed  in  310 
CMR  40.0970  are  not  considered  apphcable  or  suitably  analogous,  as  those  standards 
represent  an  alternative  risk  characterization  approach  to  Method  3.  MADEP  staff  have 
noted  a  tendency  to  include  a  list  of  the  Method  1  standards  in     Method  3  risk 
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characterizations,  but  including  those  standards  only  confuses  the  reader  and  brings  into 
question  how  the  risks  were  actually  characterized. 

As  provided  in  the  MCP,  if  any  EPC  exceeds  an  applicable  or  suitably  analogous  standard, 
the  Risk  Characterization  must  conclude  that  a  condition  of  Significant  Risk  exists  at  the 
site. 

7.4.4    Risk  Characterization  Conclusions 

The  documentation  of  the  Method  3  Human  Health  Risk  Characterization  must  contain 
a  clear  statement  of  whether  or  not  a  condition  of  No  Significant  Risk  of  harm  to  hiunan 
health  exists  or  has  been  achieved,  based  upon  the  criteria  contained  at  310  CMR 
40.0993(7). 

As  provided  in  the  MCP,  a  condition  of  No  Significant  Risk  of  harm  to  human  health 
exists  or  has  been  achieved  at  the  site  if: 

•  no  Exposure  Point  Concentration  of  oil  or  hazardous  material  is  greater  than  an  applicable 
or  suitably  analogous  public  health  standard;  AND 

•  no  Cumulative  Receptor  Cancer  Risk  calculated  is  greater  than  the  Cumulative  Cancer  Risk 
limit:  AND 

•  no  Cumulative  Receptor  Noncancer  risk  is  greater  than  the  Cumulative  Receptor  Noncancer 
Risk  Limit. 

Note  that  all  three  criteria  miist  be  met  in  order  for  a  conclusion  to  be  reached  that  the 
site  poses  No  Significant  Risk  of  harm  to  hiunan  health. 

7.5       UNCERTAINTY  ANALYSIS 

The  Uncertainty  Analysis  is  a  critical  component  of  the  Risk  Characterization.  The 
Uncertainty  Analysis  should  contain  a  narrative  section  which  places  the  numerical  risk 
estimates  in  the  overall  context  of  what  is  known  and  what  is  not  known  about  the  site  and 
in  the  context  of  decisions  that  the  site  manager  will  make  about  remediation.  The 
Uncertainty  Analysis  does  not  modify  the  risk  characterization  conclusions  themselves. 
However,  a  Risk  Characterization  is  not  considered  complete  unless  the  nimierical  risk 
estimates  are  accompanied  by  an  explanation  which  interprets  and  qualifies  the  risk  results. 

Inherent  in  all  risk  assessments  are  many  assumptions,  scientific  judgements  and  a  wide 
variety  of  uncertainties,  which  can  be  introduced  at  each  step  in  the  risk  assessment  process. 
In  addition,  dose  response  and  exposure  assessment  guidance  presented  in  this  document  are 
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intended  to  produce  conservative,  consistent  estimates  of  the  potential  for  adverse  impacts. 
For  all  of  these  reasons,  the  nmnerical  risk  estimates  calculated  in  the  Risk  Characterization 
should  never  be  interpreted  as  absolute,  purely  scientific  estimiates  of  the  risk  of  harm  to 
health. 

General  sources  of  uncertainty  in  the  risk  assessment  which  ^ould  be  discussed  in  the 
Uncertainty  Analysis  include,  but  are  not  limited  to: 

•  Identification  of  all  site-related  contaminants  in  sampling  of  the  environmental  media  at  the 
site. 

•  Modeling  used  to  develop  Exposure  Point  Ck>ncentrations. 

•  Quantitative  tozicological  data  tised  to  develop  cancer  and  noncancer  toxicity  values. 

•  Development  of  Exposure  Profiles  and  selection  of  exposure  assumptions  used  in  dose 
calculations. 

Although  the  Uncertainty  Analysis  may  be  a  quahtative  evaluation  of  uncertainties  affecting 
the  risk  estimates,  the  risk  assessor  should  attempt  to  describe  the  magnitude  and  direction 
of  effect  that  a  particular  area  of  uncertainty  is  likely  to  have  on  the  numerical  risk 
estimates. 

Monte  Carlo  Analysis  can  be  a  powerful  tool  for  expressing  the  uncertainties  in  risk 
assessments.  The  reader  should  refer  to  Appendix  C  for  a  discussion  about  the  use  of  Monte 
Carlo  Analysis. 


7.6       SHORTCUTS 

Under  certain  circumstances,  it  may  be  possible  to  substantially  reduce  the  level  of  effort 
necessary  to  conduct  a  Method  3  risk  assessment.  Two  possible  shortcuts,  the  "Screening" 
Risk  Characterization  and  the  DEP  Risk  Assessment  ShortForm  -  Residential  Scenario  are 
specifically  discussed. 

Other  shortcuts,  if  they  are  logical,  clearly  identified  and  defensible  (usually  with  a 
quantitative  demonstration)  may  be  used  as  well  and  are  encouraged.  Using  a  shortcut 
without  adequate  justification  is  inappropriate. 
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7.6.1    Screening  Risk  Characterization 

One  shortcut  option  that  may  he  considered  is  to  conduct  a  "Screening"  Hiunan  Health 
Risk  Characterization  using  worst-case  exposure  assumptions  (310  CMR  40.0902(5)).  The 
objective  of  a  screening  evaluation  is  to  quickly  demonstrate  that  a  condition  of  No 
Significant  Risk  exists  or  has  been  achieved  at  a  disposal  site.  To  do  this,  the  risk 
assessor  should  use  worst-case  exposiu*e  assiunptions  and  conservative  toxicity  values. 
For  example,  the  risk  assessor  might  assign  the  toxicity  value  for  the  most  toxic 
substance  at  a  site  to  all  substances  at  the  site  and  use  the  maximum  reported 
concentration  for  each  chemical  as  the  EPC.  Assuming  residential  exposiu'es  at  an 
industrial  site  is  another  possible  overly-conservative  assiunption  that  may  be  used  in  a 
screening  risk  characterization. 

The  objective  of  the  screening  risk  characterization  is  to  save  time  and  money  by  using 
readily  available  data  and  information  that  will  result  in  risk  estimates  that  will  not 
underestimate  the  risks  posed  by  the  disposal  site.  Thus,  if  the  resulting  risks  are  below 
the  MCP  Risk  Limits,  clearly,  remediation  would  not  be  required  based  on  risk  of  harm 
to  human  health.  It  is  important  to  note  that  remediation  may  still  be  required  based 
on  risk  of  harm  to  the  environment,  pubhc  welfare  or  safety. 

A  screening  risk  characterization  may  also  be  used  to  demonstrate  that  certain  exposxu-e 
pathways  resxilt  in  risks  which  are  trivial,  compared  with  the  MCP  Cumulative  Risk 
Limits.  Such  a  demonstration  would  justify  the  elimination  of  that  exposiu*e  pathway 
from  consideration  in  the  risk  characterization.  In  general,  "trivial"  is  considered  as  being 
a  level  of  risk  that  is  at  least  one  order  of  magnitude  smaller  than  the  MCP  Risk  Limit, 
based  on  a  conservative  risk  characterization  as  described  in  the  preceding  paragraphs. 

A  screening  risk  characterization  is  intended  as  an  option  to  reduce  the  cost  and  level  of 
effort  involved  in  conducting  a  risk  characterization,  not  site  characterization.  The  results 
of  a  "Screening"  risk  characterization  should  never  be  used  to  justify  inadequate  site 
characterization. 
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7.6.2    DEP  Risk  Assessment  ShortForm  -  Residential  Scenario 

The  Residential  ShortForm  is  an  optional  tool  which  has  been  developed  by  the 
Department  to  provide  a  streamlined  method  of  evaluating  potential  human  health  risks 
at  21e  sites.  The  ShortForm  streamlines  the  process  by  providing  a  rapid,  low  cost 
procedure  for  assessing  health  risks.  The  ShortForm  is  a  LOTUS  1-2-3  (or  Quattro  Pro) 
spreadsheet  incorporating  standard  assumptions  for  assessing  residential  exposures  and 
equations  which  are  used  to  estimate  human  health  cancer  and  noncancer  risks.  The 
ShortForm  is  intended  for  use  at  "residential"  sites  which  are  to  be  evaluated  via  a 
Method  3  risk  assessment.  The  output  of  the  Residential  ShortForm  is  a  series  of 
siunmary  tables  which  describe  the  EPCs,  toxicity  information  and  potential  chemical- 
specific,  medium-specific  and  cumulative  health  risks.  These  output  tables  can  be 
submitted  as  the  Risk  Assessment  portion  of  a  Phase  11  Report. 
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8.0     METHOD  3  -  PUBLIC  WELFARE 


A  Draft  of  this  Section  is  expected  to  be  available  in  the  fall  of  1995. 


Copies  of  the  Pubhc  Welfare  Risk  Characterization  Guidance  will  be  available  through 
the  MADEP  Bulletin  Board  System  and  through  the  MADEP  InfoLine/MCP  Hotline. 


Please  call  the  MCP  Hotline  for  the  latest  information  on  the  schedule  for  this  guidance. 


Guidance  for  DiapoMl  Site  Interim  Pinal  Policy  WSC/OS8-M-141 

Riak  Cbaracterisatioa  Ma— rhnawtf  DEP,  Oiilr  190S 


8-1 


9.0     METHOD  3  -  ENVIRONMENTAL  RISK  CHARACTERIZATION 


A  Draft  of  this  Section  is  expected  to  be  available  in  the  fall  of  1995. 


Copies  of  the  Environmental  Risk  Characterization  Guidance  will  be  available  through 
the  MADEP  Bulletin  Board  System  and  through  the  State  Bookstore. 


Please  call  the  MCP  Hotline  for  the  latest  information  on  the  schedule  for  this  guidance. 
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10.0   IMMINENT  HAZARD  EVALUATIONS 


One  of  the  piirposes  of  risk  characterization  under  the  Massachusetts  Contingency  Plan  is 
to  identify  and  evaluate  site  conditions  which  may  pose  an  Imminent  Hazard.  As  defined 
in  the  MCP,  an  Imminent  Hazard  means  a  hazard  which  would  pose  a  significant  risk  of 
harm  to  health,  safety,  pubhc  welfare  or  the  environment  if  it  were  present  for  even  a  short 
period  of  time  (310  CMR  40.0006).  This  section  of  the  Guidance  for  Disposal  Site  Risk 
Characterization  describes  the  process  by  which  site  conditions  may  be  assessed  to  determine 
whether  or  not  an  Imminent  Hazard  exists. 

The  MCP  contains  detailed  procedures  for  identifying  and  evaluating  Imminent  Hazards. 
However,  it  must  he  stressed  that  the  overriding  objective  of  the  Imminent  Hazard 
provisions  in  the  MCP  is  to  ensure  that  response  actions  will  be  taken  quickly  to  prevent 
or  abate  exposures  that  pose  an  imminent  hazard.  The  risk  assessor  should  keep  this 
objective  in  mind  when  reading  this  section  of  the  Guidance.  Taking  a  response  action 
that  addresses  ongoing  exposures  right  away  is  always  preferable  to  conducting  an 
evaluation  to  determine  whether  the  exposures  actually  pose  an  imminent  hazard. 

The  MCP  describes  a  risk  characterization  methodology  to  be  followed  when  evaluating 
imminent  hazards  (310  CMR  40.0950).  This  methodology  is  site-specific  in  nature,  and 
focuses  on  actual,  or  likely  exposures  under  current  site  conditions,  given  the  current  site 
use(s)  and  site  activities  and  the  surrounding  environment,  and  considering  a  short  exposure 
period.  The  MCP  also  includes  specific  risk  limits  for  imminent  hazards  (310  CMR 
40.0955(2)(b)).  The  important  distinctions  between  a  risk  characterization  for  an  imminent 
hazard  evaluation  and  a  risk  characterization  for  purposes  of  a  Response  Action  Outcome 
(RAO)  is  that  the  imminent  hazard  evaluation  is  much  narrower  in  scope,  it  need  onfy 
consider  actual,  current  exposures,  given  current  site  use(s)  and  not  foreseeable  future  use(s) 
and  exposures.  In  addition,  the  imminent  hazard  evaluation  often  focuses  on  only  those 
chemicals  that  are  most  likely  to  pose  a  risk  following  short-term  exposures,  given  their 
toxicity  and  site  concentrations. 

If  the  results  of  an  imminent  hazard  evaluation  indicate  that  conditions  at  the  site  pose  an 
imminent  hazard,  the  MCP  requires  that  an  Immediate  Response  Action  (IRA)  be  taken  to 
address  the  hazard.  However,  recall  that  one  always  has  the  option  to  take  a  response  action 
to  address  a  potential  inuninent  hazard  rather  than  conducting  an  evaluation  to  determine 
whether  the  conditions  do  indeed  pose  an  imminent  hazard.  In  fact,  for  any  release  which 
a  project  manager  beheves  is  likely  to  pose  an  imminent  hazard,  the  Department 
recommends  taking  immediate  action  to  address  the  release  rather  than  conducting  an 
evaluation  to  confirm  whether  or  not  it  is  an  imminent  hazard. 
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The  MCP  provides  that  Imminent  Hazard  Evaluations  be  conducted  separately  for  safety, 
human  health  and  the  environment,  depending  on  the  type  of  condition  that  triggered  the 
need  for  the  evaluation.  This  is  because  for  different  types  of  imminent  hazards,  the 
situation  leading  to  the  imminent  hazard  condition  and  the  information  needed  to  evaluate 
the  condition  may  be  different. 

For  example,  the  presence  of  insecurely  containerized  OHM  may  pose  an  Imminent 
Hazard  to  Safety  and  may  also  pose  an  Imminent  Hazard  to  Human  Health.  Safety 
and  Human  Health  issues  should  be  assessed  separately.  However,  if  it  is  concluded 
that  conditions  pose  an  Imminent  Hazard  to  Safety,  it  would  not  he  necessary  to 
additionally  evaluate  whether  those  same  conditions  pose  an  Imminent  Hazard  to 
Human  Health. 


10.1     Deciding  Whether  an  Imminent  Hazard  Evaluation  is  Necessary 

The  MCP  does  not  define  specific  situations  or  conditions  at  a  site  which  trigger  an 
imminent  hazard  evaluation.  Rather,  the  regulations  describe  general  factors  that  must  be 
considered  in  the  decision  about  whether  to  conduct  an  imminent  hazard  evaluation  and  rely 
on  the  application  of  professional  judgement  to  determine  when  site  conditions  warrant  such 
an  evaluation.  Since  Imminent  Hazards  can  occur  at  any  point  in  the  MCP  process,  the 
project  manager  should  be  mindful  throughout  all  phases  of  site  investigation  and 
remediation  of  the  possibility  that  information  indicating  a  potential  imminent  hazard  will 
come  to  light. 

The  MCP  40.0951(1)  prescribes  that  the  decision  to  conduct  an  Imminent  Hazard  Evaluation 
must  consider  the  location  and  nature  of  the  oil  and/or  hazardous  material  and  the  human 
or  environmental  receptors  which  may  be  exposed.  It  is  important  to  keep  in  mind  that 
when  deciding  whether  an  imminent  hazard  evaluation  is  needed,  that  exposures  must  be 
actually  occurring  (or  very  likely  to  occur)  in  order  for  an  imminent  hazard  to  exist. 

An  Imminent  Hazard  Evaluation  should  be  considered  whenever  actual  (or  likely)  exposures 
to  contamination  at  a  site  are  occiuring,  such  as  when  people  are  drinking  contaminated 
water  or  when  there  is  surficial  soil  contamination  in  an  area  where  children  are  present, 
such  as  a  playground.  The  risk  assessor  should  also  give  thought  to  the  types  of 
contaminants  to  which  people  are  being  exposed.  Chemicals  which  can  cause  a  severe  effect 
after  a  one-time  exposure,  such  as  cyanide,  certainly  warrant  consideration  as  a  possible 
imminent  hazard. 

In  deciding  whether  a  given  situation  warrants  further  investigation  as  a  potential  imminent 
hazard,  it  may  also  be  helpful  to  consider  the  following. 
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The  Direct  Contact  soil  standards  in  Table  5  of  the  MCP  (310  CMR  0985(6))  were  developed 
using  noncancer  and  cancer  risk  management  criteria  (HI  =  0.2,  ELCR  =  1  x  10"*, 
respectively)  that  are  roughly  ten  times  lower  than  the  risk  management  criteria  used  to 
evaluate  whether  risks  experienced  over  a  ""short  period  of  time"  pose  an  imminent  hazard. 
Risk  assessors  can  use  this  knowledge,  along  with  an  understanding  of  how  those  standards 
were  developed,  to  identify  soil  concentrations  which  may  warrant  further  evaluation  (Le., 
multiples  of  the  Table  5  values  can  be  used  as  a  "rule-of-thumb".) 

The  Table  5  soil  standards  consider  risks  from  direct  contact  (dermal  contact  and  ingestion) 
with  soil.  Given  this,  multiples  of  the  Direct  Contact  soil  standards  can  be  used  as  a  general 
indicator  of  a  situation  which  may  warrant  further  investigation  as  a  possible  imminent 
hazard.  For  example,  if  a  contaminant  is  present  in  surfidal  soil  in  an  area  where  people  are 
being  exposed  and  the  concentration  of  the  chemical  is  greater  than  ten  times  the  Table  5 
standard  for  the  apphcable  soil  category,  additional  investigation  may  be  warranted  to 
determine  whether  the  situation  poses  an  imminent  hazard.  If  the  contamination  is  in  an 
area  where  children  are  being  exposed  such  as  a  schoolyard  or  ballfield,  the  comparison 
should  be  made  using  a  multiple  of  the  soil  category  S-1  value  in  Table  5,  since  the  S-1 
standards  focus  on  exposures  to  children. 

Used  in  this  way,  the  Table  5  soil  standards  can  provide  a  general  indication  to  the  risk 
assessor  or  project  manager  as  to  when  site  concentrations  are  approaching  levels  which 
could  pose  an  imminent  hazard.  However,  it  is  important  to  understand  that  the  presence 
of  a  chemical  at  levels  greater  than  ten  times  the  Table  5  standard  does  not  indicate  that 
there  is  definitely  an  imminent  hazard  or  even  that  there  is  likely  an  imminent  hazard.  It 
simply  suggests  that  the  situation  may  warrant  further  investigation.  Because  the  Direct 
Contact  soil  standards  incorporate  considerations  in  addition  to  risk,  a  site-specific  evaluation, 
even  a  very  cursory  one,  may  be  all  that  is  needed  to  rule  out  the  possibility  of  an  imminent 
hazard. 

Two-Hour  Release  Notification  Requirements  in  Subpart  C  of  the  MCP 

It  should  also  be  noted  that  Subpart  C  of  the  MCP  (310  CMR  40.0321)  describes  site 
conditions  which  require  notification  to  DEP  within  2  hours  because  they  pose  or  could  pose 
an  imminent  hazard.  However,  for  some  of  these  reportable  releases,  the  existence  of  an 
Imminent  Hazard  is  a  rebuttable  presimiption  (310  CMR  40.0321(2)  and  (3)). 
In  other  words,  a  site-specific  imminent  hazard  evaluation  performed  in  a  manner  consistent 
with  the  Imminent  Hazard  risk  characterization  procedures  in  310  CMR  40.0950  may  be  part 
of  the  Immediate  Response  Action  (IRA)  conducted  following  notification.  In  fact,  such  an 
imminent  hazard  risk  characterization  may  show  that  further  response  actions  are  not 
necessary  in  the  short  term. 
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Any  of  the  three  sets  of  conditions  described  in  310  CMR  40.0321(2)  and  (3)  trigger  the  two- 
hour  release  notification  obligations  in  Subpart  C  of  the  MCP  based  on  the  presumption  that 
they  pose  an  imminent  hazard  to  human  health. 


However,  as  stated  above,  a  site-specific  risk 
characterization  may  be  conducted  to 
demonstrate  to  the  Department,  that  conditions 
at  the  site  do  not  constitute  an  actual  Imminent 
Hazard. 


310  CMR  40.0321(2)(b): 

a  release  indicated  by  the  measurement  of 
any  of  the  trigger  concentrations  listed 
below  within  the  top  six  Inches  of  ground 
surface,  at  any  location  within  500  feet  of  a 
residential  dwelling,  school  playground, 
recreational  area  or  park,  unless  access  to 
children  is  controlled  or  prevented  by 
pavement,  concrete,  a  fence,  or  other 
physical  barrier.   Note:  the  revised  MCP 
regulations  limit  this  provision  by 
specifying  preveniing  access  to  children. 


Concentration 

(ads  drv  wt) 

Arsenic  (total) 

40 

nnHTTiiiiTn  (tntal) 

60 

Chromium  (VI) 

10,000 

Cyanide  (available) 

100 

Mercury  (total) 

300 

Methyl  Mercury 

10 

PCB  (total) 

10 

310  CMR  40.0321(2)(a): 

a  release  indicated  by  the 
measurement  of  OHM  in  a  private 
drinking  water  supply  well  at  a 
concentration  equal  to  or  greater  than 
ten  times  the  Category  RCGW-1 
Reportable  Concentration. 


310  CMR  40.0321(3): 

a  threat  of  release  which,  were  it  to 
occur,  is  likely  to  meet  any  of  the  two- 
hour  reportable  releases  that  pose  or 
could  pose  an  Imminent  Hazard. 


Development  of  Soil  Concentrations  Which 
Trigger  Two-Hour  Notification 

The  soil  concentrations  in  Subpart  C  whidi 
trigger  two-hour  notification  are  set 
generically  to  be  protective  imder  most 
exposure  conditions.  As  such,  the 
concentrations  are  used  to  "screen  in" 
conditions  which  may  require  further 
assessment  or  remedial  action  in  the  short- 
term.  These  trigger  levels  cannot  be  used 
to  definitively  "screen  out"  a  disposal  site,  as 
it  is  possible  (under  more  extreme  exposure  conditions)  that  concentrations  below  these 
levels  could  pose  an  imminent  hazard.  A  site-specific  assessment  may  conclude  that  the 
conditions  at  a  disposal  site  pose  an  Imminent  Hazard  at  concentrations  which  are  higher 
or  lower  than  those  presented  in  the  regulations. 
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The  approach  used  to  derive  the  Imminent  Hazard  Soil  Trigger  Levels  follows  the  risk 
characterization  procedures  for  Imminent  Hazards  detailed  in  the  MCP.  These  procedures 
are  discussed  in  detail  in  the  remainder  of  this  Section  of  the  Guidance. 

The  Imminent  Hazard  Trigger  Levels  in  Subpart  C  were  identified  through  the  evaluation 
of  both  cancer  and  non-cancer  risks:  the  lower  of  the  two  estimated  concentrations  is  chosen 
to  be  the  Trigger  Level  in  order  to  be  protective  of  both  types  of  health  effect.  The  cancer 
and  noncancer  risk  limits  used  in  deriving  the  Trigger  Values  are  the  nxunerical  Imminent 
Hazard  Risk  Limits  specified  in  the  MCP.  These  risk  limits  are  discussed  in  detail  in 
Section  10.2.4. 

In  evaluating  cancer  and  noncancer  risks,  it  was  assiuned  that  exposure  would  occur  through 
dermal  contact  and  ingestion  of  soil.  Since  the  trigger  levels  are  applicable  in  areas  where 
it  is  likely  that  children  will  have  fi*equent  exposiu*e  to  surficial  soil  (for  example,  in  a 
schoolyard,  playground  or  residential  backyard),  the  exposure  scenario  evaluated  in 
developing  the  Trigger  Levels  is  thus  analogous  to  a  residential  exposure  scenario. 

Since  young  children  generally  experience  higher  rates  of  exposure  due  to  the  nature  of 
their  activities  and  their  low  body  weights,  the  evaluation  of  noncancer  risks  focused  on  a 
child  aged  5-6  years  old  exposed  during  the  summer  months  (Jime  through  August)  when 
fi-equent  contact  with  soil  is  likely.  For  cancer  risks,  the  evaluation  focused  on  the  ages  of 
0  to  30  years.  Exposure  to  contaminated  soil  was  assumed  to  vary  by  age  and  time  of  year. 
For  more  detailed  information  including  the  exposure  assumptions  and  equations  used  to 
calculate  the  Imminent  Hazard  Trigger  Levels,  the  reader  should  refer  to  Appendix  D  of  the 
Background  Documentation  for  Derivation  of  the  Method  1  Standards  (April,  1994). 


10^     IMMINENT  HAZARD  EVALUATIONS  FOR  HUMAN  HEALTH 

The  MCP  requires  that  the  Imminent  Hazard  risk  characterization  be  conducted  following 
the  general  procedures  for  a  Method  3  risk  assessment.  As  in  a  fcdl  scale  risk 
characterization,  the  basic  approach  to  be  taken  in  an  imminent  hazard  evaluation  is  to 
conduct  an  assessment  that  is  realistic  and  health  protective.  The  MCP  prescribes  that  the 
Imminent  Hazard  Evaluation  shall  be  conducted  in  a  manner  which  results  in  conservative 
estimates  of  potential  exposures  (310  CMR  40.0953(9)).  However,  it  is  not  the  Department's 
intent  that  the  Imminent  Hazard  Evaluation  be  as  comprehensive  as  a  Method  3  risk 
characterization  conducted  for  purposes  of  an  RAO.  Rather,  the  intent  is  that  an  Imminent 
Hazard  Evaluation  be  site-specific  in  nature.  In  fact,  an  Imminent  Hazard  risk 
characterization  will  typically  be  a  much  more  streamlined  evaluation  than  a  full  Method  3 
risk  assessment,  because  future  uses  and  exposures  need  not  be  considered  in  the  imminent 
hazard  evaluation.  In  addition,  conducting  an  Inuninent  Hazard  evaluation  using  Method  3 
does  not  preclude  the  use  of  a  Method  1  or  2  risk  assessment  for  the  site  as  a  whole. 
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As  required  in(310  CMH  40.0953(10),  the  documentation  of  the  Imminent  Hazard  Evaluation 
must  clearly  identify  and  explain  the  basis  for  all  exposiu*e  parameters  chosen  for  the  risk 
characterization. 

10^.1        Contaminants  of  Concern 

In  accordance  with  the  MOP,  the  imminent  hazard  evaluation  may  be  limited  to  those 
chemicals  which  are  likely  to  dominate  the  risk  estimates  based  upon  their  toxicity  and 
concentration.  A  chemical  may  be  eliminated  from  the  Imminent  Hazard  Evaluation 
based  upon  a  determination  that  it  is  not  likely  to  contribute  significantly  to  risks.  BIPA's 
concentration-toxidty  screen,  as  described  in  the  Risk  Assessment  Guidance  for 
SuperfUnd  Volume  1  Humxm  Health  Evaluation  Manual  (Part  A),  December  1989, 
Section  6.9.5  is  a  screening  procedure  which  may  be  used  to  eliminate  chemicals  from  the 
imminent  hazard  evaluation.  However,  if  imminent  hazards  to  the  environment  are 
being  evaluated,  chemicals  should  not  be  screened  out  based  on  toxicity  to  human  health. 

Note  that  in  the  full  risk  characterization  for  a  site,  such  use  of  toxicity  screening 
to  eliminate  chemicals  from  the  risk  assessment  should  not  be  used  (refer  to 
Section  2.4  of  this  guidance  manual). 

10^^       Exposure  Assessment 

Current  Use(s) 

The  MOP  specifies  that  the  focus  of  an  Imminent  Hazard  Evaluation  is  on  actual  or  likelv 
exposures  to  hmnan  and  environmental  receptors  imder  current  site  conditions, 
considering  the  current  use(s)  of  the  site. 

Thus,  exposure  profiles  should  be  developed  for  each  receptor  identified  for  the  current 
uses  and  activities  at  the  site,  imder  cmrent  site  conditions.  For  example,  if  the  site  is 
currently  an  industrial  property,  then  residential  exposures  need  not  be  evaluated  in  the 
imminent  hazard  evaluation,  even  if  the  property  may  become  residential  in  the  future. 
Similarly,  if  the  site  is  a  residential  property  where  only  adults  currently  reside  and  there 
is  no  evidence  that  children  visit  the  residential  property,  then  exposures  to  children 
need  not  be  evaluated  in  the  imminent  hazard  evaluation. 

Note  that  this  differs  from  the  way  current  activities  and  uses  must  be  evaluated  for  the 
full  risk  assessment.  In  the  full  risk  assessment,  activities  which  are  not  occurring  at  the 
time  of  the  assessment,  but  are  consistent  with  the  current  use  of  the  site  must  be 
evaluated.  For  example,  in  the  full  risk  assessment,  exposures  to  children  at  a  residential 
property  would  need  to  be  evaluated  even  if  no  children  currently  resided  at  the  property 
because  the  presence  of  children  is  consistent  with  a  residential  use.   This  is  another 
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example  of  how  an  Imminent  Hazard  Evaluation  is  more  limited  in  scope  than  the  risk 
characterization  used  to  support  an  RAO. 

As  in  a  full  risk  characterization,  the  inmiinent  hazard  evaluation  should  identify  the 
receptor  group(s)  experiencing  the  greatest  exposure  potential  or  siisceptibihty  to 
environmental  contamination.  Young  children  and  women  of  child-bearing  age  are  often 
selected  as  receptors  of  concern  because  of  these  factors.  The  risk  assessor  may  need  to 
evaluate  several  receptor  groups  to  ensure  that  all  sensitive  subpopulations  are  being 
protected.  Conversely,  the  fact  that  the  most  sensitive  receptors  are  being  evaluated 
means  that  other  Gess  exposed)  receptors  need  not  be  evaluated. 

Exposure  Duration 

The  exposure  duration  is  the  length  of  time  over  which  the  receptor  comes  into  contact 
with  the  OHM.  The  MCP  provides  that  the  imminent  hazard  evaluation  must  focus  on 
exposures  over  an  appropriate  "short  period  of  time".  The  MCP  defines  a  "short  period 
of  time"  as  any  time  period  from  the  hesinnins  of  an  exposure  to  five  years.  The  MCP  also 
provides  that  a  "short  period  of  time"  may  be  greater  than  five  years  if  exposures  at  the 
site  have  been  ongoing  for  more  than  five  years  or  if  the  response  action  will  not  be 
complete  for  a  period  of  time  greater  than  five  years  into  the  future  (310  CMR 
40.0953(1)). 

In  other  words,  the  "short  period  of  time"  which  is  the  focus  of  an  Imminent  Hazard 
Evaluation  may  in  fact  be  much  longer  than  a  period  of  five  years.  The  determination 
of  what  constitutes  an  appropriate  "short  period  of  time"  for  a  particular  site  must 
consider  how  long  exposiu'es  have  already  been  occurring  and  when  it  is  expected  that 
finfll  remedial  action  will  be  complete  at  the  site. 

It  should  he  noted  that  if,  for  instance,  the  appropriate  "short  period  of  time"  at  a 
site  is  10  years  (because  exposures  at  that  site  have  been  ongoing  for  10  years),  this 
does  not  preclude  the  obligation  to  also  evaluate  appropriate  shorter  exposure 
periods  such  as  acute  (one-day)  exposures  or  subchronic  exposures.  For  example, 
if  the  chemical  being  evaluated  is  associated  with  severe  effects  which  can  occur 
from  a  single  exposure  (for  example,  cyanide),  the  imminent  hazard  evaluation 
should  include  an  evaluation  of  a  one-day  exposure,  as  well  as  appropriate  longer 
term  exposures. 

Note  that  it  would  be  very  rare  for  a  contaminant  other  than  cyanide  to  pose  an  acute 
risk.  This  is  because  for  hazardous  chemicals  other  than  cyanide,  the  concentrations 
at  which  acute  exposures  are  of  concern  are  much  higher  than  levels  typically  found 
at  disposal  sites. 
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When  evaluating  potential  cancer  risks  in  an  Imminent  Hazard  Evaluation,  the  MCP 
provides  the  risk  assessor  additional  flexibihty.  In  evaluating  carcinogens,  the  risk 
assessor  may  choose  to  evaluate  a  long-term  exposiu*e  (typically  30  years),  rather  than  a 
shorter  period,  even  if  exposures  at  the  site  have  actually  been  ongoing  for  a  period  less 
than  a  lifetime.  The  MCP  provides  this  flexibihty  because  the  risk  characterization  used 
to  support  an  RAO  typically  evaluates  long-term  exposures  and  because  it  is  useful  to  be 
able  to  use  the  results  of  a  long-term  evaluation  to  make  Imminent  Hazard  decisions. 
This  can  eliminate  the  need  for  new  calculations  in  order  to  evaluate  a  potential 
imminent  hazard.  If  a  long-term  exposure  is  assessed  for  carcinogens,  the  risk  assessor 
can  use  a  different  risk  management  criterion  in  determining  whether  an  Imminent 
Hazard  exists.  The  selection  of  appropriate  risk  management  criteria  is  discussed  in 
greater  detail  in  Section  10.2.4. 

In  summary,  the  imminent  hazard  evaluation  should  evaluate  an  exposure  period  that 
is  appropriate  considering  the  toxicity  of  the  chemical(s)  present  at  the  site,  what  is 
known  about  how  long  exposures  have  been  occurring  and  how  long  exposures  are 
expected  to  continue.  Depending  on  the  site-specific  situation,  it  may  be  appropriate  to 
evaluate  exposure  periods  longer  than  5  years,  shorter  than  five  years,  or  both. 

Exposure  Points  and  Exposure  Point  Concentrations 

The  MCP  contains  several  provisions  about  defining  exposure  points  and  estimating 
Exposure  Point  Concentrations  (EPCs)  for  an  imminent  hazard  evaluation. 

Because  the  focus  of  an  imminent  hazard  evaluation  is  on  actual  exposures  and  current 
site  uses  and  activities,  the  evaluation  of  soil-related  exposures  may  be  limited  to 
contamination  in  the  accessible  surface  soil.  The  MCP  defines  this  as  soil  to  a  depth  of 
six  inches  (310  CMR  40.0953(4)).  Thus,  when  estimating  an  EPC  for  soil  in  an  inominent 
hazard  evaluation,  chemicals  present  at  depths  greater  than  six  inches  should  not  be 
averaged  into  the  EPC.  However,  if  the  only  data  available  is  fi*om  a  soil  depth  greater 
than  the  top  6  inches  and  contaminant  levels  at  that  depth  exceed  an  Imminent  Hazard 
Trigger  Level,  it  should  be  assumed  that  the  contaminant  levels  at  depths  greater  than 
6  inches  are  representative  of  the  surficial  soiL 

In  evaluating  drinking  water  exposures,  the  MCP  requires  that  the  level  of  chemicals  in 
the  groundwater  or  surface  water  which  serves  as  a  soiu*ce  of  drinking  water  must  be 
considered  in  estimating  the  Exposure  Point  Concentration  (310  CMR  40.0953(5)). 

For  example,  use  of  a  filter  cannot  be  considered  in  estimating  the  Exposure  Point 
Concentration.  Similarly,  one  cannot  consider  the  potential  dilution  that  may  occur 
when  a  contaminated  well  or  surface  water  body  is  not  the  exclusive  source  of 
dnnking  water. 
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The  EPC  should  represent  the  average  concentration  to  which  the  receptor  is  exposed 
at  the  exposure  point.  However,  there  are  some  situations  in  which  it  is  preferable  to 
use  a  more  conservative  estimate  of  the  EPC  rather  than  a  mid-range  estimate  that  will 
be  represented  by  an  arithmetic  average  concentration.  The  MCP  describes  several 
specific  situations  in  which  the  risk  assessor  should  consider  using  an  upper  percentile 
or  maximum  concentration  for  the  EPC,  rather  than  an  arithmetic  average. 

The  situations  listed  in  the  MCP  for  which  upper  percentile  or  maYiTrmTn  concentrations 
may  be  appropriate  for  the  EPC  are  as  follows: 

•  evaluations  of  acute  exposiu*es; 

•  evaluations  of  chemicals  with  lethal  or  severe  health  effects; 

•  evaluations  of  sites  for  which  there  is  insufficient  site  characterization  data;  or 

•  screening  evaluations  which  are  intended  to  over-estimate  potential  e^)osures. 

As  in  a  full  risk  assessment,  a  hot  spot  must  be  evaluated  as  a  separate  exposure  point 
in  an  imminent  hazard  evaluation.  This  ensures  that  areas  with  high  relative 
contamination  will  not  simply  be  averaged  into  larger  areas  of  lesser  contamination, 
thereby  diluting  their  potential  impacts. 

10.2.3.       Dose  Response 

The  identification  of  a  dose-response  relationship(s)  for  each  chemical  being  evaluated 
is  done  in  the  same  manner  as  for  a  full  risk  assessment.  The  reader  should  consult 
Section  7.2  of  the  guidance  docimient  for  a  complete  discussion  of  the  information 
needed  to  describe  the  dose-response  relationship.  Toxicity  information  used  to 
characterize  risk  in  the  imminent  hazard  evaluation  must  be  appropriate  for  the  type  and 
duration  of  exposure  being  evaluated  and  must  be  clearly  identified  and  documented  in 
the  imminent  hazard  evaluation  report. 

10.2.4        Risk  Characterizatioii 

The  MCP  contains  numerical  cancer  and  noncancer  risk  limits  that  are  specific  for 
imminent  hazard  evaluations  (310  CMR  40.0955(2)).  These  risk  limits  represent  a  level 
of  risk  above  which  the  Department  has  determined  that  a  remedial  action  is  needed  in 
the  short  term. 

Conditions  at  the  site  pose  an  Imminent  Hazard  if  estimated  cancer  and  noncancer  risks 
for  each  OHM  and  for  each  receptor  exceed  the  specified  risk  limits.  The  documentation 
of  the  Imminent  Hazard  evaluation  must  clearly  state  whether  conditions  at  the  site  pose 
an  Imminent  Hazard  (310  CMR  40.0955(4)). 
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10.2.4.1     Cancer  Effects 

The  MCP  provides  two  risk  management  criteria  for  carcinogenic  chemicals,  depending 
on  whether  the  risk  assessment  evaluates  exposures  over  a  "short  period  of  time"  or 
whether  the  risk  assessment  evaluates  a  long  term  exposure  (typically  30  years  or  more). 
The  risk  assessor  shoiild  select  the  risk  limit  that  corresponds  to  the  exposure  period 
assessed  in  the  imminent  hazard  evaluation. 

Recall  that  a  "short"  exposure  period  is  the  time  period  from  the  beginning  of  an 
exposure  to  five  years  or  longer  when  exposures  at  the  site  have  been  ongoing  for 
more  than  five  years  or  if  the  final  response  action  will  not  be  implemented  for 
more  than  five  years. 

Recall  that  long-term  exposures  (typically  a  30-year  exposure  period)  may  be 
evaluated  if  the  risk  assessor  so  chooses. 

Risk  MaTiagftiriftnt  Criterion  for  exposures  over  a  "short  period  of  time" 

When  the  risk  assessment  evaluates  cancer  risks  based  on  exposures  over  a  "short  period 
of  time",  conditions  at  a  site  pose  an  Imminent  Hazard  based  on  the  potential  for  cancer 
health  effects  if: 

•  the  estimated  Excess  Lifetime  Cancer  Risk  is  greater  than  an  Excess  Lifetime 
Cancer  Risk  Limit  of  one-in-one  hundred  thousand  (1  x  10^). 

Risk  Management  Criterion  for  long-term  exposures 

When  the  risk  assessment  evaluates  cancer  risks  based  on  a  long-term  exposiu*e  period, 
conditions  at  a  site  pose  an  Imminent  Hazard  based  on  the  potential  for  cancer  health 
efifocts  if: 

•  the  estimated  Excess  Lifetime  Cancer  Risk  is  greater  than  an  Excess  Lifetime 
Cancer  Risk  Limit  of  one-in-ten  thousand  (1  x  10^). 

Rationale  for  Risk  Management  Criteria  for  Cancer  Risks 

The  limit  for  cancer  risks  which  are  estimated  based  on  exposure  over  a  "short  period  of 
time"  is  numerically  identical  to  the  cancer  risk  limit  used  to  determine  whether  a  site 
poses  significant  risk  for  purposes  of  achieving  an  RAO.  However,  recall  that  the  cancer 
risk  limit  for  final  cleanup  is  based  on  long-term  exposures.  When  a  "short-term* 
exposure  (i.e.,  an  exposure  occiuring  over  less  than  five  years,  an  exposure  greater  than 
five  years  that  has  occiured  already,  or  an  exposiu'e  greater  than  five  years  that  will  have 
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occurred  by  the  time  final  remedial  action  is  completed)  results  in  an  excess  lifetime 
cancer  risk  (ELCR)  higher  than  the  risk  limit  of  1  x  10"*  for  final  cleanup,  immediate 
remedial  measures  are  warranted.  The  rationale  is  that  further  exposure,  before  or  after 
long-term  remediation  is  complete,  could  result  in  an  ELCR  above  the  risk  limit. 

The  limit  for  cancer  risks  which  are  calculated  based  on  a  long-term  exposure  is  less 
stringent  (higher)  than  the  risk  limit  for  final  cleanup  because  it  represents  a  level  of 
risk  posed  by  a  long-term  exposure  which  the  Department  has  determined  must  be 
addressed  in  the  short  term  (i.e.,  such  a  high  long-term  risk  is  uidicative  of  an 
unacceptable  short-term  risk). 

10^.4^     Non-Cancer  Effects 

The  MCP  contains  two  risk  management  criteria  based  on  the  potential  for 
noncarcinogenic  health  effects.  The  Department  has  developed  two  risk  limits  for 
noncancer  effects  because  of  the  quahtative  differences  between  toxicity  values  for 
different  chemicals  and  how  the  toxicity  values  were  derived. 

Risk  Matiagg^niftnt  Criteria  for  Non-Cancer  Effects 

For  chemicals  for  which  the  Uncertainty  Factors  and  Modifying  Factors  incorporated  in 
the  Reference  Dose  are  less  than  or  equal  to  a  factor  of  10,  conditions  at  a  site  pose  an 
Imminent  Hazard  based  on  the  potential  for  non-cancer  effects  if: 

•  the  Hazard  Index  calculated  for  the  site  is  greater  than  a  Hazard  Index  equal  to 
one. 

For  chemicals  for  which  the  Uncertainly  Factors  (UFs)  and  Modifying  Factors  (MFs) 
incorporated  in  the  Reference  Dose  (RfD)  are  greater  than  a  factor  of  10,  conditions  at 
a  site  pose  an  Imminent  Hazard  based  on  the  potential  for  non-cancer  effects  if: 

•  the  Hazard  Index  calculated  for  the  site  is  greater  than  a  Hazard  Index  equal  to 
ten. 

Note  that  the  Reference  Dose  which  is  used  must  be  appropriate  for  the 
type  of  exposure  being  evaluated.  For  example,  if  acute  exposures  are 
being  evaluated,  the  risk  assessor  should  use  an  acute  Reference  Dose. 

Rationale  for  Risk  Management  Criteria  for  Non-cancer  Risks 

When  a  Reference  Dose  is  based  on  a  robust  and  relatively  complete  toxicity  database, 
there  is  reasonable  certainty  that  the  resulting  Reference  Dose  is  protective  of  adverse 
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health  effects  in  sensitive  humans. 
For  these  Reference  Doses,  EPA 
does  not  apply  many  UFs  or  MFs. 
Thus,  when  evaluating  a  chemical 
with  a  Reference  Dose  that  has 
relatively  few  UFs  and  MFs  Gess 
than  or  equal  to  a  factor  of  ten)  the 
Hazard  Index  estimated  for  the  site 
is  compared  with  a  Hazard  Index 
limit  of  one. 

Conversely,  when  the  Reference 
Dose  for  a  chemical  is  based  on  a 
less  than  ideal  database,  EPA 
incorporates  multiple  UFs  and  MFs 
to  provide  reasonable  certainty  that 
the  residting  Reference  Dose  is 
protective  of  adverse  health  effects 
in  sensitive  humans.  In  other  words, 
a  RfD  with  many  UFs  and  MFs 
indicates  that  there  is  greater 
uncertainty  in  how  well  the  original 
toxicity  data  approximate  a  No 
Observed  Adverse  Effects  Level. 
The  multiple  UFs  and  MFs  are 
protective  factors  to  compensate  for 
the  low  level  of  confidence  in  the 
toxicity  database  used  to  develop  the 
Reference  Dose.  A  Reference  Dose 
which  has  many  UFs  and  MFs 
(greater  than  a  factor  of  ten)  has  a 
large  margin  of  safety  already  built  into 
estimated  for  the  site  is  compared  with 


Due  to  large  variations  in  the  qualify  of 
toxicological  data  available,  the  US  EPA 
incorporates  Uncertamtv  Factors  and  Modifying 
Factors  into  the  Reference  Boee  to  reflect  the 
quality  of  the  data  and  to  insure  that  the 
Reference  Dose  falls  below  a  No  Observed 
Adverse  Effects  Levd  in  sensitive  humans. 
Uncertainty  and  Modifying  Factors  are  tyjHcally 
applied  to  account  for  interspedes  variation^ 
conversion  of  a  Lowest  Observed  Adverse  EKiects 
Level  (LOAEL)  to  a  No  Observed  Adverse  EfiGects 
Level  (NOAEL),  exposure  duration  and  prcMsecdon 
of  sensitive  human  populations.  The  less 
confidence  there  is  in  the  original  toxicity  data, 
the  larger  the  UFs  and  MFs.  It  is  not  uncommon 
that  a  Reference  Doee  incorporates  combined 
factors  as  large  as  10,000. 

On  the  other  hand»  the  toxicological  information 
available  for  some  chemicals  is  complete,  and  the 
Uncertainty  and  Modifying  Factors  used  to  adjust 
the  Reference  Dose  are  quite  small:  sometimes 
less  than  a  factor  of  ten. 

Uncertainty  Factors  and  Modifying  Factois  are 
part  of  the  documentation  that  accompanies  a 
Reference  Dose  piiblished  by  EPA  on  IR£S  or 
HE  AST.  A  discussion  of  UFs  and  MFs  can  be 
found  in  the  Dose-Response  Section  (Section 
7.2.1). 


it.  Thus,  for  these  chemicals,  the  Hazard  Index 
a  less  stringent  Hazard  Index  limit  of  ten. 


It  is  important  to  recognize  that  where  noncancer  risks  dominate  over  cancer  risks,  it  is 
DEP's  objective  to  make  inuninent  hazard  risk  management  decisions  based  on  a  Lowest 
Observable  Adverse  Effects  Level,  rather  than  a  No  Observable  Adverse  Effects  Level 
In  other  words,  it  is  DEP's  intent  to  make  decisions  about  the  need  for  immediate  action 
based  on  a  chemical  dose  that  is  associated  with  an  adverse  health  effect  and  not  a  dose 
that  is  associated  with  no  adverse  effect  (i.e.  a  "safe"  dose).  One  of  the  factors  DEIP 
considered  in  developing  the  non-cancer  risk  management  criteria  for  imminent  hazards 
is  the  fact  that  Reference  Doses  for  many  chemicals  include  an  UF  of  10  to  convert  a 
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Lowest  Observable  Adverse  Effects  Level  (LOAEL)  to  a  No  Observed  Adverse  Effects 
Level  (NOAEL).  Using  a  HI  limit  of  10  offsets  the  10-fold  UF  for  the  LOAEL  to  NOAEL 
conversion.  In  this  way,  DEP's  imminent  hazard  risk  management  decisions  are  more 
closely  based  on  the  Lowest  Observable  Adverse  Effects  Level  This  is  meant  to  be  a 
generalized  approach,  as  DEP  recognizes  that  toxicity  values  for  some  chemicals  (which 
have  UFs  greater  than  10)  do  not  incorporate  the  LOAEL  to  NOAEL  adjustment. 


10.3     IMMINENT  HAZARD  EVALUATIONS  FOR  THE  ENVIRONMENT 

As  previously  stated,  the  MCP  does  not  define  specific  conditions  at  a  site  which  trigger  an 
imminent  hazard  evaluation.  Rather,  the  apphcation  of  professional  judgement  is  reUed  iq)on 
to  determine  when  site  conditions  warrant  an  Imminent  Hazard  Evaluation  for 
environmental  receptors. 

The  MCP  provides  the  following  two  criteria  for  determining  whether  conditions  at  the  site 
pose  an  Imminent  Hazard  to  the  environment  (310  CMR  40.0955(3)). 

•  conditions  pose  an  Imminent  Hazard  if  there  is  visible  evidence  of  stressed  biota 
attributable  to  the  disposal  site. 

•  conditions  at  the  disposal  site  pose  an  Imminent  Hazard  if  the  Risk  Characterization 
demonstrates  that  significant  adverse  ecological  impacts  are  likely  under  ciurent  site 
conditions  and  that  those  impacts  are  likely  to  persist  if  the  current  conditions  were 
to  remain  for  up  to  five  years. 

What  is  intended  in  the  first  criterion  is  that  there  must  be  readily  apparent  evidence  of 
severe  impacts  on  ecological  receptors  in  order  for  the  site  to  pose  an  Imminent  Hazard  to 
the  environment.  The  risk  assessor  should  focus  on  identifying  whether  there  are  visible 
signs  that  ecological  receptors  are  being  severely  impacted.  It  is  not  intended  that  a  Stage 
I  Screening,  as  described  in  Section  9.0,  will  be  needed  to  accomplish  this.  Rather  the  risk 
assessor  should  rely  on  visual  observations  and  professional  judgement.  Evidence  of  an 
impact  such  as  a  fish  kill  clearly  should  be  considered  visible  evidence  of  stressed  biota. 

In  the  second  criterion,  conditions  at  the  disposal  site  must  be  such  that  severe  or  life 
threatening  impacts  on  ecological  receptors  are  likely.  Again,  it  is  not  intended  that  a 
detailed  evaluation  will  be  needed  to  identify  whether  such  conditions  exist  at  the  site.  The 
risk  assessor  should  use  simple  measures,  along  with  professional  judgement  to  determine 
whether  environmental  receptors  are  seriously  threatened.  Evidence  of  abiotic  conditions 
at  the  site  could  potentially  be  a  condition  that  is  likely  to  pose  a  severe  impact  on  ecological 
receptors. 


Guidance  for  DUpoMd  Site 
Eiak  ChancterisaUoD 


Interim  Hnal  PoUcy  WSC/0«84B>141 
i  DEP.  Jmij  IMS 


10-13 


In  general,  quantitative  risk  assessment  procedures  do  not  provide  a  distinction  between  an 
environmental  Imminent  Hazard  and  environmental  long-term  risk.  Thus,  the  MCP  provides 
no  numerical  criteria  for  an  environmental  Imminent  Hazard  and  DEP  does  not  intend 
quantitative  risk  assessment  procedures  to  be  used  in  determining  whether  conditions  at  a 
site  pose  an  Imminent  Hazard  to  the  Environment. 

Recall  that  Subpart  C  of  the  MCP  (310  CMR  40.0321  (l)(e))  describes  the  following 
release  which  requires  notification  to  DEP  within  2  hours  because  it  poses  an 
Imminent  Hazard  to  the  environment: 

•    a  release  to  the  environment  that  produces  immediate  or  acute  adverse  impacts  to 
freshwater  or  saltwater  fish  populations. 


10.4  IMMINENT  HAZARD  EVALUATIONS  FOR  SAFETY 

The  MCP  provides  that  conditions  at  the  site  pose  an  Imminent  Hazard  to  Safety  if  there 
is  a  significant  risk  to  safety  under  existing  conditions  or  conditions  which  are  about  to  occur. 
As  defined  in  the  MCP,  a  significant  risk  to  safety  exists  at  a  site  if  a  release  poses  a  threat 
of  physical  harm  or  bodily  injury  to  people. 

In  accordance  with  the  MCP,  an  Imminent  Hazard  evaluation  for  safety  concerns  must  be 
conducted  following  the  provisions  detailed  in  310  CMR  40.0960.  Guidance  relating  to 
characterizing  the  risk  of  harm  to  safety  is  provided  in  Section  4.0.  However,  an  imminent 
hazard  for  Safety  will  be  more  narrow  in  scope  than  the  evaluation  described  in  310  CMR 
40.0960.  In  identifying  whether  an  Imminent  Hazard  to  Safety  exists,  the  risk  assessor  need 
only  focus  on  existing  conditions  (or  conditions  which  are  about  to  occur),  and  the  receptors 
actually  present  given  the  current  use  of  the  site.  Examples  of  a  potential  Imminent  Hazard 
to  Safety  include:  (1)  exceeding  an  explosive  limit  within  a  structure;  and  (2)  the  presence 
of  insecurely  containerized  waste. 


10.5     IMMINENT  HAZARD  EVALUATIONS  TO  PUBLIC  WELFARE 

In  general,  a  condition  at  a  site  that  precludes  the  full  use  of  a  resource  should  be  evaluated 
as  a  potential  Imminent  Hazard  to  Pubhc  Welfare.  For  example,  a  condition  such  as  an  odor 
in  a  residence  that  prevents  people  from  hving  there,  or  taste  or  odors  problems  in  drinking 
water  that  preclude  using  it  for  consumptive  purposes  certainly  should  be  considered  as  a 
potential  Imminent  Hazard  to  Pubhc  Welfare.  The  Department  expects  that  in  general. 
Imminent  Hazards  to  pubhc  welfare  will  be  rare. 
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APPENDIX  A:  GLOSSARY  OF  TERMS  AND  ACRONYMS 

AAL  means  Allowable  Ambient  Level  in  air,  in  tinits  of  fijxa.  ,  (from  The  Chemical  Health  Effects  Methodology  and  The  Method 
to  Derive  Allowable  Ambient  Limits,  MADEP/ORS  Publication  90-1,  ULsy  1990). 

ACEC  means  an  Area  of  Critical  Environmental  Concern. 

ADD  means  Average  Daily  Dose  of  a  contaminant  received  by  a  receptor  of  concern. 

ADE  means  Average  Daily  Exposure. 

ADSCR  means  Average  Daily  Soil  Contact  Rate  (mg^|/kg^day). 

ADSIR       means  Average  Daily  Soil  Intake  Rate  (m^|/kg/day). 

AF     means  Fraction  of  OHM  in  soil  Absorbed  throu^  the  skin  (unitless). 

AP     means  Averaging  Period  (units:  days). 

Aquifer  means  a  geologic  formation,  group  of  formations  or  part  of  a  formation  that  is  capable  of  yifeUing  a  gignffimtit  amoant 
of  groundwater  to  wells  or  springs. 

Area  of  Critical  Environmental  Concern  and  ACEC  each  means  an  area  which  has  been  so  dngJEnntfid  by  tbe  Secretaiy  of 
Environmental  AfEairs  pursuant  to  301  CMR  12.00. 

Assessment  Endpoint  means  a  specific  effect  on  a  specific  group  of  organisms  that  is  evaluated  in  a  quantitattve  envltomaental 
risk  characterization. 

ATC  means  Allowable  Threshold  Concentration  (in  air). 

AUL  means  Activity  and  Use  Limitation. 

AWQC  means  Ambient  Water  Quality  Criteria. 

Backeround  means  those  levels  of  oil  and  hazardous  material  that  would  exist  in  the  absence  of  the  disposal  site  of  canoem  which 
meet  the  regulatory  definition  in  the  MCP  which  is: 

(a)  iibiquitous  and  consistently  present  in  the  enviroiuaent  at  and  in  the  vicinity  of  the  disposal  site  of  caneem;  and 

(b)  attributable  to  geologic  or  ecologic  conditions,  atmospheric  deposition  of  industrial  process  or  engine  emiaskms, 
fill  materials  containing  wood  or  coal  ash,  releases  to  groundwater  from  a  public  water  supply  system  and/or  p^zokfom. 
residues  that  are  incidental  to  the  normal  operation  of  motor  vehicles. 

Biota  means  plant  or  animal  life. 

BRP  means  the  Massachusetts  DEP  Bureau  of  Resource  Protection. 

BW  means  Body  Wei^^t  of  the  receptor  of  concern  during  the  i>eriod  of  exposure  (units:  mass). 

BWP  means  the  Massachusetts  DEP  Bureau  of  Waste  Prevention. 

BWSC  means  the  Massachusetts  DEP  Bureau  of  Waste  Site  Cleanup. 

C  means  appropriate  units  O>nversion  factor. 
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C.21E  means  Massachiuetts  Law  Chapter  21E,  The  Massachuaetts  Oil  and  Hazardous  Material  Relecuie  Prevention  and  Response 
Act. 

CAG  means  the  U.S.  EPA's  Carcinogen  Assessment  Group. 

CAS  means  Chemical  Abstract  Service. 

Carcinogenic  Slope  Factor  means  the  cancer  risk  (proportion  affected)  per  unit  dose  of  an  oil  or  hazardous  material,  as  published 
by  EPA. 

CERCLA  means  (U.S.)  Comprehensive  Environmental  Response  and  Liability  Act  of  1980. 

Class  A  Surface  Water  Body  means  any  segment  of  an  inland  or  coastal  surface  water  body  so  assigned  "Class  A"  pursuant  to 
314  CMR  4.00. 

CMR  means  Code  of  Massachusetts  Regulations. 

Coastal  waters  means  the  Atlantic  Ocean  and  all  contiguous  saline  boys,  inlets  and  hazixirs  within  the  jurisdiction  of  the 
Commonwealth  izu:luding  areas  where  fresh  and  salt  waters  mix  and  tidal  efiGacts  are  evident  or  a^y  partially  enclosed  coastal 
body  of  water  where  the  tide  meets  the  current  of  a  stream  or  river. 

rSiwmlAt.ive  Receptor  Cancer  Risk  means  the  sum  of  the  estimated  excess  lifetime  cancer  risks  associated  with  exposure  to  all 
oil  and/or  hazardous  material  at  or  from  a  disposal  site  at  all  exposure  points  for  a  given  receptor. 

Cumulative  Receptor  Non-cancer  Risk  means  a  calculation  of  the  possibility  of  non-cancer  health  effects  associated  with  exposure 
to  all  oil  and/or  hazardous  material  at  or  from  a  disposal  site  at  all  exposure  points  identified  for  a  given  receptor.  The  Hazard 
Index  is  a  measure  of  the  Cumulative  Receptor  Non-cancer  Risk. 

DAQC  means  the  Massachusetts  DEP  Division  of  Air  Quality  Control 

DDD  means  2,2-6is(p-chk>rophenyl)-l,l-dichloroethane. 

DDE  means  dichlorodiphenyldichloroethylene. 

DDT  means  l,l,l-trichloro-2,2-&is(p-chlorophenyl)ethane. 

Department  and  DEP  each  means  the  Massachusetts  Department  of  Environmental  Protection. 

DEQE  means  the  Massachusetts  Department  of  Environmental  Quality  Engiiteering,  which  is  the  former  name  of  the 
Massachusetts  Department  of  Environmental  Protection. 

Disposal  site  means  any  structure,  well,  pit,  pond,  lagoon,  impoundment,  ditch,  ^anHfill  or  other  place  or  area,  excluding  amhiffnt 
air  or  surface  water,  where  uncontrolled  oil  and/or  hazardous  material  has  come  to  be  located  as  a  result  of  any  spilling,  Ifftaking, 
pouring,  abandoning,  emitting,  emptying,  discharging,  iigecting,  escaping,  lAarhing,  dumping,  discarding  or  otherwise  disposkig 
of  such  oil  and/or  hazardous  material  The  term  shall  not  inchide  any  site  containing  onfy  oil  or  hazardous  materials  which: 
are  lead-based  peunt  residues  emanating  from  a  point  of  original  application  of  such  paint;  resulted  from  emissions  from  the 
exhaust  of  an  engine;  are  building  materials  still  serving  their  original  intended  use  or  emanating  frt>m  such  use;  or  resulted  from 
release  of  source,  l^product  or  special  nuclear  material  from  a  nuclear  incident,  as  those  terms  are  defined  in  42  U.S.C.  §  2014, 
if  such  release  was  subject  to  requirements  with  respect  to  finanrial  protection  established  by  the  Nuclear  Regulatoty  Commission 
under  42  U.S.C.  §  2210. 

DNAPL  means  Dense  Non-Aqueous  Phase  T>iq^iid 

Dose  means  the  ammiiif  of  a  substance,  expressed  in  mg/kg  body  wei^t/day,  which  is  absorbed  into  the  body  as  a  result  of 

exposure<8). 
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DWPC  means  the  Massachusetts  DEP  Division  of  Water  PoUution  ControL 

DWS  means  the  Massachusetts  DEP  Division  of  Water  Supply. 

ED  means  the  average  Duration  of  each  Exposure  Event  (units:  houn/event). 

EF  means  the  average  number  of  Events/day  during  the  period  of  eKpoeore  (units:  events/day). 

ELCR  means  Excess  Lifetime  Cancer  Risk. 

Endangered  species  means  those  vertebrate  and  invertebrate  animal  species  offidally  listed  as  endangered  by  the  Massachusetts 
Division  of  Fisheries  and  Wildlife  under  321  CMR  10.00. 

Environment  means  waters,  land,  saxiace  or  subsurface  strata,  or  ambient  air  of  the  Commonwealth. 

Environmental  Receptor  means  any  living  organism,  other  than  humans,  and/ar  any  Tyihit^f  which  supports  such  organisms, 
and/or  any  other  natural  resource  which  comes  into  contact  with  oil  and/or  hazardous  material  as  a  result  of  a  release  to  the 
environment. 

Environmental  Restriction  means  a  restriction  or  other  covenant  otmceming  the  use  of  property  that  is  held  or  imposed  by  the 
Department  pursuant  to  M.GX.  c.  21E,  §  6. 

EP  means  the  duration  of  the  Ebcposure  Period  (units:  days). 

EPA  means  the  U.S.  Environmental  Protection  Agency. 

EPC  means  Exposure  Point  (Concentration. 

Excess  Lifetime  Cancer  Risk  means  the  estimated  probability  that  an  individual's  exposure  during  a  lifetimo  to  an  oil  or 
hazardous  material  could  result  in  cancer. 

Exposure  means  any  contact  with  or  ingestion,  inhalation  or  assimilation  of  oil  and/or  hazardous  material,  including;  without 
limitation,  irradiation. 


ibnxasure  Pathway  means  the  mechanism  by  which  h\iman  or  environmental  receptors  inhale,  consume,  absorb,  or  otherwise  take 
in  oil  and/or  hazardous  material  at  an  Exposure  Point. 

Exposure  Point  means  a  location  of  potential  contact  between  a  human  or  environmental  receptor  and  a  release  of  oil  and/or 
hazardous  material  An  Exposure  Point  may  describe  an  area  or  zone  of  potential  exposure,  as  well  as  a  sing^  discrete  point. 

Exposure  Point  Concentration  means  the  concentration  of  oil  or  hazardous  material  in  a  specific  medium  which  a  >«'t7iaa«  or 
environmental  receptor  may  contact  at  an  Exposure  Point. 

FI  means  the  daify  Intake  of  contaminated  Food  on  days  exposed  during  the  exposure  period  (units:  mass/event). 

Fish  habitat  means  any  surface  water  body  that  serves  as  a  habitat  for  fresh  or  marinft  fauna,  inchiding,  but  not  limited  to, 
crustacean,  fin  fish  and  shellfish.  For  purposes  of  the  Numerical  Ranking  System,  the  entire  maaHina  of  Mnannchusrtts  is 
considered  a  fish  habitat. 

Groundwater  means  any  water  below  the  earth's  surface  in  the  zone  of  saturation. 

GW-1  means  groundwater  category  for  current  or  potential  drinking  water  source. 

GW-2  means  groimdwater  categoiy  for  a  source  of  volatiles  to  indoor  air. 
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GW-3  means  groundwater  categoiy  eveiy  where  in  the  commonwealth  of  Massachiuetts. 

Habitat  means  the  area  or  type  of  environment  in  which  an  organism  or  biological  population  normally  lives  or  occurs,  iTwHiHii^ 
without  limitation,  wetland  habitat,  woodland  habitat,  grassland  habitat  and  mo<intain  habitat. 

Hay^T-d  Index  means  a  calculation  of  the  possibility  of  non-cancer  health  effects  as  the  result  of  exposure  to  one  or  more  aQ  or 
hazardous  materials  with  the  same  or  similar  modes  of  tadc  action  or  toxic  endpcwnts.  The  Hazard  Index  (HI)  is  defined  as:  HI 
=  Dl  /ADl  +  D2  /AD2  +  ...  +  Di/ADi  where  D  is  the  daily  dose  (or  dsafy  concentration)  for  a  particular  oil  or  h<»T,wH4Hi» 
material,  and  AD  is  the  allowable  daily  dose  (or  allowable  daify  concentration)  for  a  particular  oil  or  hazardous  material  specified 
by  the  Department.  The  allowable  daily  concentration  is  the  Reference  Concentration  or  other  allowable  daily  concentratiaQ 
specified  by  the  Department. 

Hazardous  material  means  material,  including,  but  not  limited  to,  any  material  in  whatever  form  which,  because  of  its  quantity; 
concentration,  r>«>iwi<'al  corrosive,  flammable,  reactive,  toxic,  infectious  or  radioactive  characteristics,  either  separate^  or  ia 
combination  with  any  substance  or  substances,  constitutes  a  present  or  potential  threat  to  KinwAtt  hwalth,  safety,  welfiare,  or  to 
the  environment,  when  improperly  stored,  treated,  transported,  disposed  ot,  used,  or  otherwise  managed.  The  term  shall  not 
include  oil,  but  shall  include  waste  oil  and  all  those  substances  which  are  included  under  42  U.S.C.  §  9601(14),  but  it  is  not 
limited  to  those  substances.  The  term  shall  also  include,  but  is  not  limited  to,  material  regulated  as  hazardous  waste  or  recyclable 
material  under  310  CMR  30.000. 

HF.AST  means  the  U.S.  EPA's  Health  Effects  Assessment  Summaiy  Tables. 

HI  means  Hazard  Index. 

Hot  Spot  means  a  discrete  area  where  the  concentrations  of  oil  or  hazardous  wM>tai-ial  are  substantially  hi^iar  than  those 
concentrations  in  the  surro\inding  area  as  defined  in  the  MCP. 

Human  Receptor  means  a  person  who  is  likefy  to  be  affected  by  a  site,  as  further  described  in  310  CMR  40.0900. 

lARC  nMans  the  International  Agen<7  for  Research  on  Cancer. 

IH  means  Imminent  Hazard. 

Immediate  Response  Action  and  IRA  each  means  any  response  action  performed  in  accordance  with  310  CMR  40.0410. 

Imminent  Hazard  means  a  hazard  which  would  pose  a  significant  risk  of  harm  to  health,  safSaty,  public  weUiare  or  the 
environment  if  it  were  present  for  even  a  short  period  of  time,  as  further  described  in  310  CMR  40.0950. 

Imminent  Hazard  Evaluation  means  an  evaluation  performed  in  accordance  with  310  CMR  40.0951  throuc^  310  CMR  40.0955. 

Interim  WeUhead  Protection  Area  or  IWFA  means: 

(a)  with  respect  to  public  water  supp^  weDs  and  wellfields  whose  pumping  rate  is  100,000  gallons  per  diQr  or  greater 
and  for  which  the  Department  has  not  approved  a  hydrologically  HaliTioataH  Zone  II,  the  Vt  mile  radius  surrounding  suA 
well  or  wellfield;  and 

(b)  with  respect  to  public  water  supply  wells  and  wellfields  whose  pumping  rate  is  less  than  100,000  gallons  per  day 
and  for  which  the  Department  has  not  approved  a  hydrologically  delineated  Zone  II,  the  radius  calculated  by  multiplying 
the  i«<rriTniit«  pumping  rate  in  gallons  per  minute  for  such  well  or  wellfield  by  32  and  adding  400  feet  thereto  (Le.  IWPA 
=    32^  +  400;  where  y  =  pumping  rate  in  gallons  per  minute). 

IR  means  the  daily  soil  Ingestion  Rate  on  d£^  exposed  during  the  exposure  period  (units:  mass/day). 

IRA  means  Immediate  Response  Action. 

IRIS  means  the  US  EPA's  Integrated  Risk  Information  System. 


Guidance  for  DiapoMl  Site  Interim  Pinal  Policy  W8C/OK&4S-141 

Riak  CbaracterUatioB  Maaaachnaorti  DEP.  J«il]r  IMS 


Appen(iix  A-4 


LAPP  means  Lifetime  Average  Daily  Dose. 

LADSCR  means  Lifetime  Average  Daily  Soil  Contact  Rate  normalized  to  bodywei^t  {JDg^^Jkgfday). 

LADSIR  means  Lifetime  Average  Daily  Soil  Intake  Rate  normalized  to  bodywei^^t  (m^Jkg/day). 

Lake  means  any  open  body  of  fresh  water  with  a  surface  area  of  ten  acres  or  more,  itMrlivlfng^  without  ^imr^a*inn  Great  Ponds. 

T-oarVtinpr  means  the  percolation  or  draining  of  liquid  through  oil  and/or  hazardous  mateiiaL 

T.F.T.  means  Lower  Explosive  Limit. 

Licensed  Site  Professional  and  LSP  each  means  a  hazardous  waste  site  cleanup  professional,  as  defined  in  M.GXb  c  21A,  §  19, 
holding  a  valid  license  issued  by  the  Board  of  Registration  of  Hazardous  Waste  Site  Cleanup  Professionals  pursuant  to  'U^,^. 
c.  21A,  §§  19  through  19J. 

MA  PEP  means  the  Massachusetts  Department  of  Environmental  Protection. 

Massachusetts  Contingency  Plan  and  MCP  and  this  Contingency  Plan  each  mieans  310  CMR  40.0000. 

MCL  means  Maximum  Contaminant  LeveL 

MMCL  means  Massachusetts  Maximum  Contaminant  LeveL 

MDL  means  Method  Detection  Limit. 

Measurement  Endiwint  means  the  result  of  a  measiuement  that  is  used  to  evaluate  an  assessment  endpoint. 

Media  means  air,  soil,  water  or  sediment,  etc. 

Method  Detection  Limit  means,  generally,  the  level  which  can  be  measured  with  99%  accuraqr  using  EPA  Standard  MnHrtifa 

MGL  means  Massachiisetts  General  Law. 

Migration  pathway  means  a  pathway  by  which  oil  and/or  hazardous  material  is  transported  at  or  from  a  disposal  site. 

Multi-media  means  the  most  common  contamination  scenario.  A  disposal  site  where  exposure  is  thoo^t  to  occur  via  iwaetlian. 
one  exposure  medium. 

Modifying  Factor  (MF)  means  a  factor  greater  than  zero  and  less  than  or  equal  to  10  by  which  a  no-observed-adverse-efiact  levd. 
is  divided  to  estimate  a  Reference  Dose.  The  MF  reflects  qualitative  professional  judgments  regarding  scientific  uncertainties 
not  covered  under  the  standard  Uncertainty  Factors,  such  as  the  completeness  of  the  overall  data  base  and  the  rtmnbar  of  animals 
in  the  experimental  stuc^. 

MOHML  means  the  Massachusetts  Oil  and  Hazardous  Material  List. 

Monitoring  well  means  a  well  designed  to  feunlitate  the  down-hole  measurement  of  groundwater  and/or  gas  levds  aad  the 
collection  of  groundwater  and/or  gas  samples. 

MW  means  Molecular  Wei^t. 

NAPL  means  Non-Aqueous  Phase  Liquid. 

ND  means  Not  Detected. 
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NFA  means  No  Further  Action. 

No  Significant  Risk  means  a  level  of  control  of  each  identified  substance  of  concern  at  a  site  or  in  the  surrounding  environment 
such  that  no  such  substance  of  concern  shall  present  a  significant  risk  of  harm  to  health,  safety,  public  welfare  or  the 
environment  during  any  foreseeable  period  of  time. 

NOAEL  means  the  No  Observable  Adverse  Effects  Level. 

Nonaqueous  Phase  Liquid  and  NAPL  each  means  oil  and/or  hazardous  material  that  is  present  in  the  environment  as  a 
continuous  separate  phase  as  measured  in  a  gnmndwater  monitoring  well  or  otherwise  observed  in  the  environment. 

NSR  means  No  Significant  Risk. 

OHM  means  Oil  and/or  Hazardous  MateriaL 

Oil  means  insoluble  or  partially  soluble  oils  of  any  land  or  origin  or  in  ai^  form,  fmrln/ting  without  limitation,  crude  or  fad  oils, 
hibe  oil  or  shidge,  asphalt,  insoliible  or  partially  insoluble  derivatives  of  tninArql,  animal  or  vegetable  oils  and  white  oiL  The  term 
shall  not  include  waste  oil,  and  shall  not  include  those  substances  which  are  inchwied  in  42  U.S.C.  §  9601(14). 

Outstanding  Resource  Waters  means  waters  in  the  Commonwealth  g^ven  a  protected  status  due  to  their  ecological,  sodoeooDfOmic, 
recreational,  and/or  aesthetic  valtie  pursuant  to  314  CMR  4.04(3). 

PCBs  means  Polychlorinated  Biphenyls. 

Permanent  Solution  means  a  measure  or  combination  of  meastires  which  will,  when  implemented,  ensure  attainment  of  a  level 
of  control  of  each  identified  substance  of  concern  at  a  disposal  site  or  in  the  surrounding  environment  such  that  no  substance 
of  concern  will  present  a  significant  risk  of  damage  to  health,  safety,  pubUc  welfare,  or  the  environment  during  any  foreseeable 
period  of  time. 

Playground  (see  Park,  playgroxind  and  recreation  area). 

Point  source  means  a  discernible,  confined  and  discrete  conveyance,  inchiding,  but  not  limited  to,  any  pipe,  ditch,  channel,  tunnel, 
condtiit,  well,  discrete  fissure,  container,  rolling  stock  or  vessel  from  which  oil  and/or  hazardous  material  is  or  may  be  discharged. 

Pond  means  any  coastal  or  inland  pond,  as  defined  in  310  CMR  10.04. 

Potentially  productive  aquifer  means: 

(a)  all  aquifers  delineated  by  the  U.S.  Cjeological  Survey  (USGS)  as  a  hi£^  or  medium  yield  aquifer,  except  for  any 
portion  of  a  hi^  or  meditim  yield  aquifer  that  is  located  in  a  municipality  with  a  population  density  equal  to  <«  greater 
than  4,400  persons  per  square  mile  (based  on  the  most  recent  U.S.  Census);  and 

(b)  all  aquifers  located  east  of  the  Cape  Cod  Canal  (Cape  Cod),  on  the  Elizabeth  Islands,  on  Martha's  \^neyard,  or 
on  Nantucket. 

NOTE  (7/96):  Thedefmtim<4^PotentiaMyProditc&KAqidfiTandfherulafo^ 
under  rmao.  Please  connlt  the  laitst  venian  ofOteMCP  for  the  eumnt  definition. 

Potentially  Responsible  Party  and  PRP  each  means  a  person  who  is  potentially  liable  pursuant  to  M.GX.  c.  21E. 

PPA  means  Potentially  Productive  Aquifer. 

ppb  means  parts  per  billion. 

ppm  wiAftng  parts  per  million. 

PQL  means  Practical  Quantitation  Limit. 
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Practical  Quantitation  Limit  means,  generally,  the  smallest  concentration  of  a  substance  for  which  quantitative  results  may  be 
obtained  with  a  specified  degree  of  confidence. 

Private  water  supply  well  means  a  well  which  is  utilized  by  a  private  water  system.  For  purposes  of  310  CMR  40.0000,  the 
phrase  "private  water  system"  is  used  to  refer  to  a  system  for  the  provision  of  pq>ed  water  for  hitmaw  consxm^tion  which  has 
fewer  than  15  service  connections  or  does  not  regularly  serve  an  average  of  at  least  25  individuals  dai^  at  least  60  days  of  the 
year. 

Protected  Open  Space  means 

(a)  any  federal,  state  or  local  government-protected  open  space,  rrwh-uiin^^  but  not  limited  to,  parks,  forests  and 
watershed  lands; 

(b)  any  land  used  for  conservation  purposes  by  a  non-profit  ccarporation,  such  as  the  Massachusetts  Audubon  Society, 
the  Trustees  of  Reservation  (excluding  land  held  for  its  historic  value  only)  and  the  Nature  Conservancy;  and 

(c)  excluding  any  privately  held  land  associated  with  a  conservation  restrictioai  or  wHsement  or  controlled  by  a  person 
other  than  a  non-profit  corporation  or  Agency. 

PRP  means  Potentially  Responsible  Party. 

Public  water  supply  means  a  source  of  water  sappfy,  inchiding,  but  not  limited  to,  primary,  backtq)  and  emergency  sources, 
utilized  by  a  public  water  system.  For  purposes  of  310  CMR  40.0000,  the  terms  "public  water  system,"  "primary  source,"  "backup 
source,"  and  "emergency  source"  shall  have  the  mftaning  ascribed  to  such  terms  by  310  CMR  22.02. 

Public  water  supply  distribution  pipeline  means  any  piping  used  for  the  conveyance  of  potable  water  in  a  public  water  system. 

Public  Way  means  land  in  use  as  a  public  street  or  hi^way. 

3^_  means  the  US  ElPA's  Cancer  Assessment  Group's  published  cancer  slope  value. 

RAF  means  Relative  Absorption  Factor  (unitless). 

Rail  RiAt-of-Way  means  lands  or  interests  in  lands  which  are  in  use  as  rights-of-way  fi>r  rail  purposes.  This  definition  inchtdas 
ri^ts-of-way  which  are  in  \ise  for  rail  transportation  as  regulated  by  M.GX.  c.  16 IC,  and  rail  ri£^ts-of-way  which  are  in  use  by 
the  Massachusetts  Bay  Transportation  Authority.  This  definition  does  not  include  related  facilities,  such  as  rail  yards  and  rail 
maintenance  facilities. 

RAO  means  Response  Action  Outcome: 

Class  A:  Permanent  Sohxdon  Achieved 
Class  B:  No  Remedial  Action  Required 
Class  C:   Temporary  Solution 

RAPS  means  Response  Action  Performance  Standard. 

RC  means  Reportable  Concentration. 

RCGW-1  means  Reportable  Concentration  for  Groundwater  in  Categoiy  1  (groundwater  resource  areas). 

RCGW-2  means  Reportable  Concentration  for  Groundwater  in  Categoiy  2  (groundwater  everywhere  else). 

RCRA  means  the  Federal  Solid  Waste  Disix>8al  Act  as  revised  by  the  Resource  Conservation  and  Recovery  Act  of  1976,  P  X. 
94-580,  42  U.S.C.  §§  6901  ei  seg.,  as  amended. 

RCS-1  means  Reportable  Concentration  for  Soil  in  Category  1  (hi^r  exposure  potential). 

RCS-2  means  Reportable  (Concentration  for  Soil  in  Category  2  (soil  everywhere  else). 
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Receptor  meanB  a  Human  Receptor  or  Environmental  Receptor.  Which  is  an  individual  or  environmental  population  ezpofled 
to  oil  or  hazardous  materials. 

Recreation  area  (See  Park,  playground  and  recreation  area). 

Reference  Concentration  means  the  daify  concentration  in  air  of  an  oil  and/or  hazardous  material  which  would  not  be  «Kpected 
to  result  in  any  adverse  non-cancer  health  effects,  as  published  by  EIPA. 

Reference  Dose  means  the  daily  dose  of  an  oil  or  hazardous  material  which  would  not  be  expected  to  result  in  a^y  advetae  non- 
cancer  health  effects,  as  published  by  EPA. 

Relative  Absorption  Factor  means  a  feictor  which  adjusts  the  dose  estimate  in  consideration  of  the  absorption  efficiencies  of  the 
study  which  is  the  basis  of  the  toxicity  information  and  the  absorption  efficiency  of  the  route  of  exposure  of  conoon.  It  ii  not 
itself  an  absorption  efiBciency.   This  term  was  former^  called  a  "Bioavailability  Adjustment  Factor"  by  the  Depaztawnt. 

Release  maans  any  spilling,  leaking,  pumping,  pouring,  emitting,  emptying,  discharging^  injecting;  escaping;  loa<'*«"»E,  dumping 
or  disposing  into  the  environment,  but  excludes: 

(a)  emissions  from  the  exhaust  of  an  engine; 

(b)  release  of  source,  byproduct,  or  special  nuclear  material  from  a  nuclear  incident,  as  those  terms  are  defined  in  42 
U.S.C.  §2014,  if  such  release  is  subject  to  requirements  with  respect  to  financial  protection  established  by  the  Nuclear 
Regulatozy  Commission  under  42  U.S.C.  §  2210; 

(c)  the  normal  application  of  fertilizer; 

(d)  the  application  of  pesticides  in  a  manner  consistent  with  their  labelling;  and 

(e)  the  application  of  residuals  in  accordance  with  310  CMR  32.00. 

Remedial  action  means  any  containment  or  removaL 

Remedial  alternative  means  a  measure  or  combination  of  measures  identified  and  evaluated  in  accordance  with  310  CMR  40.0850 
for  its  effectiveness  in  reducing,  mitigating  or  eliminating  risks  posed  by  a  disposal  site. 

Reportable  Concentration  and  RC  each  means  the  concentration  of  oil  or  hazardous  material  in  soil  or  groundwater  which 
requires  notification  to  the  Department  under  M.GX.  c.  21E,  §  7,  and/or  310  CMR  40.0360  through  310  CMR  40.0362. 


Reportable  Quantitv  and  Rj^  each  means  the  quantity  of  oil  or  hazardous  material  the  release  of  which,  or  threat  of  roleaae  of 
which,  requires  notification  to  the  Department  under  M.GX.  c.  21E,  §  7,  and/or  310  CMR  40.0350  throu^  310  CMR  40.0352. 

Residual  con^^^^'^ation  means  the  concentrations  of  oil  and/or  hazardous  material  remaining  at  a  site  at  which  further  reaMdial 
actions  are  not  required  by  these  regulations. 

Respond,  response  and  response  action  each  means  assess,  assessment,  contain,  containment,  remove  or  removaL 

Response  Action  Outcome  and  RAO  each  means  the  classification  applied  to  a  disposal  site  at  which  there  is  No  Significant  Bisk, 
as  further  defined  by  310  CMR  40.1000. 

Response  Action  Outcome  Statement  means  an  LSP  Opinion  submitted  to  the  Department  in  accordance  with  310  CMR  40.1000. 

Response  Action  Performance  Standard  and  RAPS  each  means  the  level  of  diligence  reasonabty  necessaiy  to  obtain  the  quantity 
and  quality  of  information  adequate  to  assess  a  site,  to  evaluate  remedial  action  alternatives  and  to  design  and  imptwmemt 
appropriate  remedial  actions,  as  further  defined  by  310  CMR  40.0191. 

RfC  means  the  UJ3.  EPA's  published  Reference  Concentration. 

RfD  means  the  U.S.  EPA's  published  Reference  Dose. 
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Risk  Characterization  means  the  requirements  and  procedures  for  characteriziiig  risks  of  harm  to  heakh,  safety,  public  welfare 
and  the  environment  set  forth  in  310  CMR  40.0900. 

River  means  a  waterbody  contained  within  a  channel,  natural^  or  artificially  created,  which  periodical^  or  continuous^  r^nfaiwa 
flowing  water  or  forms  a  connecting  link  between  two  bodies  of  standing  water. 

Route  of  exposure  means  a  mechanism  by  which  an  oil  or  hazardous  material  comee  into  omtact  with  a  receptor,  mrhuKng^  but 
not  limited  to,  ingestion,  inhalation,  dermal  absorption  and  transpiration. 

RP  means  Respirable  Particulates  (units:  mass). 

S-1  means  Soil  categoiy  with  hi^  exposure  potential 

S-2  means  Soil  category  with  medium  exposure  potential 

S-3  means  Soil  categoiy  with  low  exposure  potential 

SA  means  Skin  Surface  Area  in  contact  with  the  contaminated  soil  on  days  exposed  (units:  area/da^). 

School  means  any  public  or  private  elementary  or  secondaiy  school,  and  any  ds^  care  center,  as  defined  in  M.GX.  c.  28A,  §  9. 

Sediments  means  all  detrital  and  inorganic  or  organic  matter  situated  on  the  bottom  of  lakes,  ponds,  streams,  rivers,  the  ocean, 
or  other  surface  water  bodies.   Sediments  are  found: 

(a)  in  tidal  waters  below  the  mean  hi^  water  line  as  defined  in  310  <3MR  10.23;  and 

(b)  below  the  upper  boundary  of  a  bank,  as  defined  in  310  CMR  10.64(2),  which  abuts  and  confines  a  water  boify. 

Sheen  means  an  iridescent  appearance  of  any  oil  or  waste  oil  on  the  sur&ce  of  any  river,  stream,  lake,  pond,  sptmg, 
impoundment,  estuaxy,  coastal  water  or  groundwater.  The  term  "sheen"  shall  not  include  detrital,  inorgaxtic  or  organic  matter 
located  in  a  terrestrial  environment. 

ShortForm  means  the  Risk  Assessment  ShortForm,  the  spreadsheet  risk  assessment  tooL 

Site  means  any  building,  structure,  installation,  equipment,  pipe  or  pipeline,  inchiding  any  p^  discharging  into  a  sewer  or 
publicly-owned  treatment  works,  well,  pit,  pond,  lagoon,  impoundment,  ditch,  landfill,  storage  container,  motor  vehicle,  rolling 
stock,  or  aircraft,  or  any  other  place  or  area  where  oil  or  hazardous  material  has  been  deposited,  stored,  disposed  of  or  jdaoed, 
or  otherwise  come  to  be  located.  The  term  shall  not  include  any  consumer  product  in  consumer  use  or  any  vesseL 

Site  Activities  and  Uses  means  the  tises  and  activities  associated  with  a  disposal  site  and  the  surrounding  envimnment.  as  further 
defined  by  310  CMR  40.0923. 

Soil  means  any  Tinconsolidated  mineral  and  organic  matter  overlying  bedrock  that  has  beensulgected  to  and  infloencedby  geok)gic 
and  other  environmental  factors,  excluding  sediment. 

Sole  Source  Aquifer  means  an  aquifer  designated  by  EPA  as  the  sole  or  princ^>al  source  of  drinking  water  for  an  area  porsoant 
to  §  1424(e)  of  the  federal  Safe  Drinking  Water  Act,  as  amended. 

Species  of  Special  (Concern  means  those  vertebrate  and  invertebrate  animal  species  ofiBdally  listed  as  species  of  special  ooooeni 
by  the  Massachusetts  Division  of  Fisheries  and  Wildlife  under  321  CMR  10.00. 

SRM  tnAatm  Substantial  Release  Migration,  as  further  described  in  310  CMR  40.0413. 

Str<»gTn  'i^aqwa  a  bo^  of  running  water,  including  brooks  and  creeks,  which  moves  in  a  definite  rKawnAl  in  the  ground  doe  to  a 
hydraulic  gradient,  an<4  which  flows  within,  into  or  out  of  an  "Area  Subject  to  Protection  Under  the  Act,"  as  <^fi"oH  in  310  CMR 
10.04. 
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Substantial  hazard  means  a  hazard  which  would  pose  a  significant  risk  of  harm  to  hfftaTth,  safety,  public  welfare,  or  the 
environment  if  it  continued  to  be  present  for  several  years. 

Stirface  water  means  all  waters  other  than  groundwater  within  the  jurisdiction  of  the  Commonwealth,  itvlmlmg^  without 
limitation,  rivers,  streams,  lakes,  ponds,  springs,  impoundments,  estuaries,  wetlands,  coastal  waters  and  vernal  pools. 

SVOC  means  Semi-Volatile  Organic  Compound. 

TEL  means  Threshold  Effects  Level  in  air,  in  units  ot/jig/m^,  (from  The  Chemical  Health  Effects  Methodology  and  The  Method 
to  Derive  Allowable  Ambient  Limits  MADEP/ORS  publication  90-1,  May  1990). 

Temporary  Solution  means  any  measure  or  combination  of  measures  which  will,  when  inqtlementad,  eliminate  any  substantial 
hazard  which  is  presented  by  a  disposal  site  or  by  any  oil  and/or  hazardous  material  at  or  from  such  site  in  the  enviroounent  until 
a  Permanent  Solution  is  achieved. 

Threatened  Species  means  those  vertebrate  and  invertebrate  animal  species  offiaally  listed  as  thnwtened  spfrifis  by  the 
MassachusetU  Division  of  Fisheries  and  Wildlife  under  321  CMR  10.00. 

Threat  of  release  means  a  substantial  likelihood  of  a  release  of  oil  and/or  hazardous  material  idiich  requires  action  to  |n«vent 
or  mitigate  damage  to  health,  safety,  public  welfare  or  the  environment  which  may  result  from  the  release.  Circumstances  which 
represent  a  threat  of  release  include,  but  are  not  limited  to,  sites  containing  or  conducting  an  amount  of  oil  andAx*  hazardous 
material  in  excess  of  the  Reportable  Quantity  for  that  oil  and/or  hazardous  material,  or  of  an  unknown  (quantity,  where  no  release 
has  occurred  but  where  a  person  required  by  310  CMR  40.0331  to  report  the  threat  of  release  has  knowledge  of  any  corrosion, 
damage,  malfunction  or  other  condition  that  is  likefy  to  result  in  a  release. 

TOR  means  Threat  of  Release. 

Total  Petroleum  Hydrocarbons  and  TPH  each  means  the  total  or  cumulative  concentration  of  hydrocarbons  associated  with  a 
petroleum  product  with  a  gram  molecular  wei^t  equal  to  or  greater  than  140  (C^^,  as  measured  by  standard  anafytical 
techniques  and/or  bjr  procedures  approved  by  the  Department,  inchiding,  but  not  lit«ita<i  to,  procedures  c^proved  by  the 
Department  that  express  TPH  as  a  wei^ted  average  of  individual  constituents. 

UCL  means  Upper  Concentration  Limit. 

UF  means  Uncertainty  Factor. 

Uncertainty  Factor  means  one  or  more  factors,  each  general^  an  order  of  magnitude,  by  which  a  no-observed-advcrse-ciEact  level 
is  divided  in  accordance  with  EPA-approved  methodolog7  to  reflect  uncertainty  in  the  various  types  of  data  used  to  estimate  a 
Reference  Dose. 

Unit  Risk  means  the  cancer  risk  (proportion  affected)  per  concentration  unit  of  an  oil  or  hazardous  material,  as  published  by 
EPA. 

Upgradient  means 

(a)  in  reference  to  surface  water,  the  direction  perpendicular  to  lines  of  equal  elevation  over  a  ^i'^^w^  in  which 
elevation  continuously  increases,  measured  from  the  point  or  area  in  question;  or 

(b)  in  reference  to  groundwater,  the  direction  perpendicular  to  lines  of  equipotential  over  a  'JMrf-nw*^  in  which  total 
head  continuoiisly  increases,  measured  from  the  point  or  area  in  question. 

UR  means  Unit  Risk  value. 

Vadoee  zone  means  the  unsaturated  zone  below  the  ground  surface  and  above  the  water  table. 

Vernal  pool  means  a  water  body  that  has  been  certified  hy  the  Massachusetts  Division  of  Fisheries  &  Wildlife  as  a  vernal  pooL 
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Vernal  pool  habitat  means  anj  confined  basin  depression  which,  at  least  in  most  years,  holds  water  for  a  mmiimim  of  two 
continuous  months  during  the  spring  and/or  summer,  and  which  are  free  of  aduh  fish  populations,  as  well  as  the  area  within  100 
feet  of  the  mean  annual  boundaries  of  the  depressions,  to  the  extent  that  the  habitat  is  within  an  Area  Subject  to  Protection 
Under  the  Wetlands  Protection  Act,  as  specified  in  310  CMR  10.02(1). 

VI  means  the  dsdiy  Vohune  of  drinking  water  Ingested  by  the  receptor  of  conoem  at  the  espomre  point  during  the  eKposore  period 
(units:  vohime/day). 

Volatilization  means  the  conversion  of  all  or  part  of  a  liquid  or  solid  into  vapor. 

Volatile  Organic  Compounds  and  VOCs  each  mean  an  organic  compound  with  a  boiling  pcant  less  than  200  degrees  Celsius  that 
are  targeted  analj^tes  in  EPA  Method  8240  and  other  inugeable  organic  methods  specified  in  EPA  publication  SW-A46  entitled, 
"Test  Methods  for  Evaluating  Solid  Waste." 

VR  means  the  dai]|y  Respiratoiy  Volume  for  the  receptor  of  concern  during  the  period  of  esposore  (units:  vokaaaefday). 

Water  Quality  Criteria  and  Ambient  Water  Quality  Criteria  each  means  the  oonoentratians  of  oil  and/or  hazardous  material  in 
water  developed  by  EPA  pursuant  to  §  304(a)(1)  of  the  federal  Water  Pollution  Control  Act,  as  amended. 

Water  Quality  Standards  means  the  Massachusetts  Surfiaoe  Water  Quality  Standards  (314  CMR  4.00)  and  the  Massachusetts 
Groundwater  Quality  Standards  (314  CMR  6.00). 

Water  table  means  the  upper  elevation  of  the  surface  of  the  saturated  zone. 

Well  means  a  bored,  drilled  or  driven  shaft,  or  a  dig  hole,  whose  depth  is  greater  than  its  largest  snrfSace  dimansicm 

Wetland  means  any  area  subject  to  protection  under  the  Wetlands  Protection  Act,  M.GXu  c.  131,  §  40,  the  regulatkms  puUished 
at  314  CMR  9.00  under  the  Massachusetts  Clean  Waters  Act,  or  Section  401  of  the  federal  Water  Pollution  Control  Act,  33  U.S.C. 
1341,  as  amended 

^^Idlife  means  any  mammal  bird,  rei>tile,  amphibian,  fish,  or  other  vertebrate  or  invertebrate  «"*ma1  species. 

rX  L  means  the  concentration  of  substance  "X"  in  medium  "y". 

Zone  A  means  the  area  within  400  feet  laterally  firom  the  bank  of  a  Class  A  sur£ace  drinking  water  source  (as  identifiBd  in  314 
CMR  4.00)  and  its  tributaries. 

Zone  B  inekana  an  ar«a  either  Vi  mile  from  the  bank  of  a  Class  A  surface  drinking  water  source,  or  the  watershed  boundaiy, 
whichever  ia  less. 

Zone  I  T!ioa«fl  the  area  within  the  protective  radius  surrounding  a  public  water  sapply  well  or  wellfield  required  by  310  CMR 
22.00. 

Zone  n  means  that  area  of  an  aquifer  which  contributes  water  to  a  well  under  the  most  severe  pumping  and  recharge  conditions 
that  can  be  realistically  anticipated,  as  approved  by  the  Department's  Division  of  Water  Stq>pfy  ptursuant  to  310  CMR  22.00. 

Zone  in  means  that  land  area  beyond  the  area  of  Zone  11  from  which  surface  water  and  groundwater  drain  into  Zcme  11.  The 
surface  drainage  area,  as  determined  by  topography,  is  commonly  coincident  with  the  groundwater  drainage  area  and  is  used  to 
<<Almfta»^  Zone  m.  In  some  locations,  where  surface  and  groundwater  drainage  are  not  coincident,  2^ne  m  shall  consist  of  both 
the  surfSace  drainage  and  the  groundwater  drainage  areas. 

Zone  of  saturation  means  any  part  of  the  earth's  crust  in  which  all  voids  are  filled  with  water. 
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APPENDIX  B:  SUGGESTED  DEFAULT  EXPOSURE  ASSUMPTIONS 


This  Appendix  contains  default  exposure  assumptions  which  may  be  used  in  the  exposure 
assessment  to  calculate  dose.  In  the  absence  of  site  specific,  or  otherwise  justifiable  exposure 
information,  the  use  of  DEP's  default  values  will  result  in  reahstic  yet  adequately 
conservative  dose  estimates.  The  selection  of  all  exposure  assumptions  should  be  described 
in  narrative  form,  accompanied  by  a  referenced  summary  table. 

It  is  important  to  differentiate  between  site-specific  information  which  can  be  appropriately 
used  to  modify  site-specific  parameters  and  professional  judgement  about  the  scientific 
evidence  which  supports  generic  assumptions.  DEP  does  not  support  the  modification  of 
default  exposure  assumptions  in  a  site-specific  risk  assessment  solely  on  the  basis  of  a 
differing  interpretation  of  the  supporting  science.  Rather,  only  those  default  exposure 
assumptions  for  which  there  is  a  reasonable  basis  for  site-specific  differences,  should  be 
modified.  In  DEP's  view,  some  exposure  assumptions  in  this  Appendix  should  not  be 
modified  (in  the  absence  of  additional  studies  not  previously  considered  in  establishing  the 
default  values)  because  there  is  no  reason  to  expect  that  the  exposure  assumption  would 
differ  from  site  to  site.  For  example,  DEP  does  not  support  "site-specific"  modification  of  the 
default  soil  ingestion  rate  because  there  is  no  reason  to  expect  the  rate  of  soil  ingestion  to 
differ  from  site  to  site. 

References  have  been  provided  for  default  values  and  for  background  information. 
Consult  the  index  on  the  following  page  for  easy  reference  to  a  particular  exposure 
parameter. 
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INDEX  FOR  APPENDIX  B 


Absorption  Efficiency B  -  28 

Airborne  Particulates B  -  10 

Body  Weight    B  -  2 

Construction  Worker  Exposure  Frequency B  -  30 

Food  Consumption B-12 

Dairy  Products  and  Grains B  -  14 

Fish    B-12 

Meat  and  Poultry    B  -  18 

Mother's  Milk B  -  13 

Produce    B  -  14 

Drinking  Water  Ingestion  Rate B-9 

Residential  Exposure  Frequency B  -  30 

Respirable  Particulates B  -  10 

Respiratory  Volume    B-9 

Sediment-Skin  Adherence  Factor    B  -  11 

Showering-Inhalation B  -  18 

Skin  Surface  Area    B-3 

Soil  Ingestion  Rate B-7 

Soil-Skin  Adherence  Factor B  -  11 

Swimming/Bathing-Dermal  Exposure    B  -  20 

Swimming/Bathing-Ingestion  Exposure B  -  20 

Utihty  Worker  Exposure  Frequency    B  -  29 
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A.  Body  Weights 

Table  B-1  provides  age-specific  body  weights  for  children  and  adults.  The  body  weights  are 
50th  percentile  values  for  males  and  females  and  are  presented  annually  for  children  and  at 
longer  intervals  for  adults.  For  children  less  than  3  years  old,  body  weights  were  taken  from 
a  pediatric  growth  chart.  For  all  others,  values  were  obtained  from  the  U.S.  Environmental 
Protection  Agency  (EPA)  Exposiu-e  Factors  Handbook. 

Sources: 

MA  DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health.  Massachusetts  Department  of 
Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

us  EPA  Expostire  Factors  Handbook  •-  Final  Report.  U.S.  Environmental  Protection  Agency,  OfiGoe  of  Health  and 
Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

Massachiisetts  General  Hospital,  Pediatric  Growth  Charts,  Department  of  Pediatrics,  Boston,  MA  (1976). 


B.  Skin  Surface  Area 

Table  B-2  provides  age-specific  body  surface  areas  for  adults  and  children.  Surface  areas  for 
body  parts  are  the  50th  percentile  values.  Values  are  presented  annually  for  children  and 
at  longer  age  intervals  for  adults.  For  children  less  than  3  years  old,  surface  areas  were 
calculated  from  weights  and  body  lengths  obtained  from  a  pediatric  growth  chart.  For  all 
other  ages,  surface  areas  for  body  parts  were  taken  from  EPA's  Exposure  Factors  Handbook. 
For  body  parts  not  provided  in  EPA's  Exposure  Factors  Handbook,  surface  areas  were 
calculated  by  multiplying  the  total  surface  area  by  the  proportion  assigned  to  that  body  part 
by  EPA. 

Sources: 

MA  DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health.  Massachusetts  Department  of 
Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

US  EPA,  Exposure  Factors  Handbook  -  Final  Report.  U.S.  Environmental  Protection  Agency,  Oi&ce  of  Health  and 
Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

Massachusetts  General  Hospital,  Pediatric  Growth  Charts,  Department  of  Pediatrics,  Boston,  MA  ( 1976). 
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TABLE  B-1 


AGE-SPECIFIC  BODY  WEIGHTS  FOR  CHILDREN  AND  ADULTS 


'I 


AGE 
(Years) 

50th  Percentile  Body 

Weight  for  Females 

(Kg) 



50th  Percentile  Body 

Weight  for  Males 

(Kg) 

<1 

8.5 

9.2 

1<2 

10.8 

11.5 

2<3 

12.6 

13.4 

3<4 

14.6 

15.3 

4<5 

16.4 

17.4 

5<6 

18.8 

19.3 

6<7 

21.0 

21.9 

7<8 

23.5 

24.4 

8<9 

27.3 

27.3 

9<10 

29.6 

29.7 

10<11 

34.3 

34.5 

1K12 

40.0 

36.4 

12<13 

45.2 

42.1 

13<14 

48.6 

47.7 

14<15 

52.8 

55.5 

15<16 

53.9 

60.2 

16<17 

55.3 

63.6 

17<18 

58.3 

65.7 

18<25 

57.1 

70.9 

25<35 

59.9 

76.7 

35<45 

62.4 

78.9 

45<55 

64.4 

78.1 

55<65 

64.4 

76.8 

65<75 

63.8 

73.2 
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C       Soil  Ingestion  Rate 

Soil  ingestion  is  assumed  to  occur  incidentally,  from  hand-to-mouth  contact,  during  outdoor 
activities  in  the  warmer  months  of  the  year  (April  through  October).  Soil  from  outdoors  can 
also  be  brought  indoors  (e.g.,  on  clothing,  shoes  and  tools)  or  can  enter  the  house  as 
windblown  dust.    Therefore,  some  incidental  soil/dust  ingestion  can  also  occur  indoors. 

The  risk  assessor  has  the  option  of  evaluating  soil  exposures  in  greater  detail  than  the 
approach  presented  here.  For  a  discussion  on  how  soil  exposures  can  be  evaluated  in  a  more 
detailed  manner,  refer  to  the  Methodology  For  Relating  Soil  Contaminant  Levels  and  Risk 
to  Human  Health  (MADEP,  1995). 

Default  daily  soil  ingestion  rates  are  presented  in  Table  B-3.  Table  B-3  provides  a  soil 
ingestion  rate  for  children  aged  1  <  6  years  and  a  rate  for  children  and  adults  older  than  six 
years.  It  is  presumed  that,  under  most  circumstances,  the  majority  of  incidental  soil 
ingestion  will  be  received  from  indoor  and  outdoor  exposures  during  the  warmer  months  of 
the  year.  The  soil  ingestion  rates  provided  in  Table  B-3  can  be  assumed  to  adequately 
represent  the  sum  of  outdoor  and  indoor  soil  exposures  on  days  when  exposure  occurs. 

Table  B-3  also  includes  a  default  soil  ingestion  rate  for  an  enhanced  (or  more  intense) 
exposure.  The  enhanced  soil  ingestion  rate  should  be  used  for  adult  receptors  who  are 
exposed  to  soil  at  a  more  intense  rate  (e.g.,  a  construction  worker  digging  a  ditch).  This 
higher  rate  is  not  intended  for  estimating  soil  intake  for  children  suffering  from  pica  (such 
exposures  are  assumed  to  be  greater  than  the  intake  rates  presented  here). 


TABLE  B-3. 

Daily  Soil  Ingestion  Rates 

AGE 

(years) 

INGESTION  RATE 

(mg  of  soil  per  day) 

1<6 
>6 

100 
50 

Enhanced  Exposure 

500 

I 


Soil  ingestion  rates  should  always  be  used  as  daily  rates.  It  is  not  appropriate  to  modify  the 
soil  ingestion  rate  to  account  for  an  exposure  which  occurs  for  a  portion  of  a  day  as  the 
studies  on  which  the  soil  ingestion  rates  are  based  do  not  indicate  whether  soil  ingestion  is 
a  sporadic  event  or  whether  it  occurs  evenly  throughout  the  exposure  period. 
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Given  the  absence  of  data  specific  to  the  ingestion  of  sediment,  the  soil  ingestion  rates 
provided  in  Table  B-3  may  be  used  to  evaluate  sediment  ingestion.  It  is  ORS's  view  that  the 
use  of  such  values  is  not  Ukely  to  underestimate  exposures  from  ingestion  of  sediment. 

Soiirces: 

Hawley,  J.K  (1985)  Assessment  of  Health  Risk  from  Exposure  to  Contaminated  Soil,  Risk  Analysis,  Vol.  5:   289-302. 

LaGoy,  P.K.  (1987)  Estimated  Soil  Ingestion  Rates  for  Use  in  Risk  Assessment,  Risk  Analysis,  Vol.  7  No.  3:    355-359. 

MA  DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Hunian  Health.  Massachusetts  Department  of 
Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

U.S.  EPA  Review  of  the  National  Ambient  Air  Qviality  Standards  for  Lead:  Assessment  of  Scientific  and  Tet'^tiir-aT 
Information.  U.S.  Environmental  Protection  Agency,  Office  of  Air  Qoiality  Planning  and  Standards,  Research  Trian^  Park, 
(1989). 

D.       Drinking  Water  Ingestion  Rate 

The  following  drinking  water  consumption  rates  for  adults  and  children  are  standard 
assumptions  recommended  by  the  U.S.  EPA. 

Adult 2  hters  water/ day 

Child 1  hter  water/day 

Sources: 

us  EPA  Exposure  Factors  Handbook  -  Final  Report.  U.S.  Environmental  Protection  Agency,  Office  of  Health  and 
Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

us  EPA,  Human  Health  Evaluation  Manual.  Supplemental  Guidance:  Standard  Default  Exposure  Factors.  U.S. 
Environmental  Protection  Agency,  Office  of  SoHd  Waste  and  Emergency  Response  [OSWER  Directive  9285.6-03]  (1991). 


E.  Respiratory  Volume 

Table  B-4  provides  age-specific,  average  minute  ventilation  rates  (inspired  or  expired  volume 
of  air  per  minute,  expressed  as  hters  per  minute)  for  3  different  activity  levels:  low  activity, 
hght  exertion;  and  heavy  exertion.  Air  intakes  as  hters  per  minute  can  be  converted  to  the 
more  commonly  expressed  intake  in  cubic  meters  per  hour  by  multiplying  by  60  (minutes 
to  hours)  and  1/1000  (hters  to  cubic  meters). 

Sources; 

MA  DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health.  Massachusetts  Department  of 
Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 
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Phalen,  R.F.;  Oldham,  M.J.;  Beaucage,  C.B.;  Crocker,  T.T.  and  Mortensen,  J.D.  (1985)  Postnatal  Enlargement  of  Human 
Tracheobronchial  Airways  and  Implications  for  Particle  Deposition,  Anat.  Rec.  212:  368-380. 

U.S.  EPA,  Review  of  the  National  Ambient  Air  Qiiality  Standards  for  Lead:  Assessnxent  of  Scientific  and  Technical 
Information.  U.S.  Environmental  Protection  Agency,  Office  of  Air  Qimhty  Planning  and  Standards,  Research  Triangle  Park, 
(1989). 


TABLE  B-4. 

Age-specific  Averag 

^e  Minute  Ventilation  Rates 

AGE  (Years) 

MINUTE  VENTTTATION  (uters 

Low  Activity                    Light  Exertion 

per  minute) 
Heavy  Exertion 

<1 

1.52 

3 

8.92 

1<2 

1.52 

3 

8.92 

2<3 

2.75 

5.48 

16.40 

3<4 

2.75 

5.48 

16.40 

4<5 

3.18 

6.34 

19.00 

5<6 

3.18 

6.34 

19.00 

6<7 

3.89 

7.77 

23.20 

7<8 

3.89 

7.77 

23.20 

8<9 

4.53 

9.05 

27.10 

9<10 

4.53 

9.05 

27.10 

10<11 

5.42 

10.80 

32.40 

IK  12 

5.42 

10.80 

32.40 

12<13 

6.56 

13.10 

39.3 

13<14 

6.56 

13.10 

39.3 

14<15 

7.96 

15.90 

47.8 

15<16 

7.96 

15.90 

47.a 

16<17 

9.10 

18.20 

54.6 

17<18 

9.10 

18.20 

54.6 

18<75 

10.00 

20.00 

60.00 

f 
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F.  Airborne  Particulate  Concentration 

The  mass  of  soil  may  in  air  may  be  expressed  in  terms  of  Total  Suspended  Particles  (TSP) 
or  particles  with  a  defmed  size  distribution  (e.g.,  PMIO).  The  "10"  in  PMIO  refers  to  the 
upper  limit  of  the  particle  aerodynamic  diameter,  i.e.  10  micrometers.  Data  collected  by  the 
Massachusetts  Department  of  Environmental  Protection's  Division  of  Air  Quahty  Control 
indicates  that  40%  of  the  TSP  mass  is  in  particles  with  diameters  less  than  10  micrometers 
(PMIO).  Particle  sizes  of  greatest  concern  for  respiratory  effects  are  contained  in  the  PMIO 
mass. 

Default  values  for  the  ambient  PMIO  concentration  are  provided  for  two  scenarios.  The  first 
scenario  is  an  open  field  situation,  in  which  contaminated  soil  is  sparsely  vegetated  or  bare, 
and  soil  particulate  matter  readily  becomes  airborne.  The  second  situation  is  a  grading,  or 
excavation  scenario,  in  which  earth  working  activities  may  raise  greater  levels  of  dust. 


Open  Field: 
Excavation: 


PMIO    =    32  iig/m 
PMIO    =    60  lig/m 


The  value  for  the  default  PMIO  concentration  for  an  open  field  scenario  is  the  highest 
annual  arithmetic  mean  PMIO  concentration  recorded  from  among  17  state  operated 
sampling  stations  in  Massachusetts  in  1994.  (The  seventeen  annual  arithmetic  means  from 
these  sampling  stations  ranged  from  12  to  32  iig/m.)  In  most  cases,  it  is  appropriate  to 
assume  that  100%  of  the  PMIO  is  soil-derived.  However,  as  an  area  becomes  more  heavily 
vegetated,  is  less  Ukely  that  soil  particulate  matter  will  become  airborne.  On  a  site-specific 
basis,  with  appropriate  justification,  the  percentage  of  PMIO  that  is  soil-derived  may  be 
reduced  to  as  low  as  40%  (Thm-ston  and  Spengler,  1983). 

The  default  PMIO  concentration  for  an  excavation  scenario  represents  the  arithmetic  mean 
of  the  24-hour  maximum  PMIO  values  from  17  samphng  locations  in  the  Commonwealth 
during  1993.  (The  twenty  maximum  values  from  these  17  locations  -  3  stations  had 
collocated  samplers  -  ranged  from  40  to  97  fig/m.)  It  should  be  assumed  that  100%  of  the 
PMIO  is  soil-derived. 

So\irces: 

MA  DEP,  1993  Air  Qtialitv  Report.  Massachusetts  Department  of  Environmental  Quality  Engineering,  Division  of  Air  Quality 
Control  (1994). 

MA  DEP,  Methodoloev  for  Relating  Soil  Contaminant  Levels  and  Risk  to  H\iman  Health,  Massachusetts  Department  of 
Environmental  Protection,  OfiBce  of  Research  and  Standai-ds  DRAFT  (Maith  1995). 

Thurston,  G.D.  and  Spengler,  J.D.  (1983)  Mass  and  Elemental  Composition  of  Fine  and  Course  Particles  in  Six  Cities,  J.  Air 
Pollution  Control  Assoc.  33:1162-1171. 
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G.       Soil  Adherence  Factor 

The  amount  of  soil  adhering  to  the  skin  varies  according  to  soil  particle  size  with  finer 
particles  giving  a  denser  coating.  A  soil  adherence  value  for  typical  exposure  to  outdoor  soil 
is  provided  below. 

Soil  adherence  factor  =  0.51  mg  soil/cm^  skin 

This  value  is  taken  from  a  1985  article  by  J.K  Hawley  and  is  based  on  quantitative 
measurements  of  the  amoiuit  of  soil  adhering  to  the  hands  of  children  aged  2  to  6  years. 
This  value  is  also  within  the  U.S.  EPA's  recommended  range  of  0.2  to  1  uig/cm  for  soil-skin 
adherence  expected  under  actual  human  exposure  conditions.  When  exposure  to 
contaminated  outdoor  soil  is  being  assessed,  a  soil  adherence  factor  of  0.51  mg  soil/cm'  skin 
should  be  used. 

The  risk  assessor  may  want  to  evaluate  soil  exposures  in  a  more  detailed  manner.  Refer  to 
the  Draft  Methodology  For  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health 
(MADEP,  1995)  for  information  on  a  more  detailed  methodology  for  evaluating  soil 
exposures. 

Sovirces: 

Hawley,  J.K.  (1985)  Assessment  of  Health  Risk  from  Exposure  to  Contaminated  Soil,  Risk  Analysis,  Vol.  5:   289-302. 

MA,DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health.  Massachusetts  Department  of 
Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

US  EPA  Dermal  Exposure  Assessment:  Principles  and  Application.  U.S.  Environmental  Protection  Agency,  Exposure 
Assessment  Group,  Office  of  Health  and  Environmental  Assessment  [EPA/600/8-9 1/01  IB]  INTERIM  REPORT  (January 
1992). 


H.      Sediment  Adherence  Factor 

Although  the  soil  adherence  factor  was  derived  based  on  exposure  to  soil,  it  has  been  used 
as  a  default  value  in  assessing  exposures  to  sediments.  However,  because  dermal  exposure 
to  sediment  can  differ  from  exposiu-e  to  soil,  the  risk  assessor  should  be  aware  that  using  the 
soil  adherence  factor  for  sediment  exposures  could  lead  to  a  potential  over  or  imderestimate 
of  dermal  dose. 

Dermal  exposure  to  sediment  typically  occurs  along  the  banks  of  rivers  or  ponds  where  there 
is  repetitive  skin  contact  with   sediment  and  water  which   results  in  sediment  being 
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repeatedly  applied  and  removed.  Using  the  adherence  factor  developed  for  soil  could  either 
underestimate  or  overestimate  the  dose  because  of  the  two  factors  detailed  below. 

Sediment  that  is  repeatedly  applied  and  washed  or  rubbed  off  the  skin  during  wading  in  surface 
water  or  mud  results  in  a  shorter  period  of  contact  between  the  sediment  and  the  skin  than  if 
the  sediment  is  apphed  once  and  left  on  the  skin  throughout  the  entire  exposure  period.  Using 
the  adherence  factor  developed  for  soil  in  this  exposure  situation  could  overestimate  the  true 
dose  from  the  initially  contacted  sediment. 

When  a  chemical  first  contacts  the  skin,  more  of  it  enters  that  skin  than  exits  into  the  body. 
Repeated  apphcation  of  new  sediment  to  the  skin  could  potentially  lead  to  a  greater  dose  than 
would  be  the  case  if  the  sediment  is  appUed  once  and  remains  on  the  skin  throughout  the  entire 
exposure  period.  Using  the  adherence  factor  developed  for  soil  in  this  exjjosure  situation  could 
underestimate  the  true  dose  from  repeated  skin  contact  with  contaminated  sediment. 

However,  recognizing  these  limitations  and  in  the  absence  of  site-specific  or  otherwise 
justifiable  exposure  information,  the  soil  adherence  factor  can  be  used  for  assessing  dermal 
exposures  to  sediments. 

Sources: 

Hawley,  J.K  (1985)  Assessment  of  Health  Risk  from  Exposure  to  Contaminated  Soil,  Risk  Analysis,  Vol.  5:   289-302. 

us  EPA,  Dermal  Exposure  Assessment:  Principles  and  Application,  U.S.  Environmental  Protection  Agency,  Exposure 
Assessment  Group,  Office  of  Health  and  Environmental  Assessment  [EPA'SOO/B-Ql/OllB]  INTERIM  REPORT  (January 
1992). 


I.    Food  Consumption 

Much  of  the  information  regarding  food  consumption  is  based  on  data  collected  during  the 
Nationwide  Food  Consumption  Survey  conducted  by  the  U.S.  Department  of  Agriculture 
(USD A)  in  1977-1978.  It  is  important  to  note  that  these  data  represent  national  food 
consiunption  patterns  in  1977-1978.  It  is  likely  that  intakes  for  some  food  products  may  be 
different  today.  Moreover,  the  types  of  food  and  rates  of  intake  are  highly  influenced  by 
cultm-al  and  geographic  factors.  Thus,  the  risk  assessor  should  be  particularly  attentive  to 
local  and  cultural  variations  in  food  intake  rates.  To  the  extent  possible,  site-specific  intake 
rates  should  be  used.  In  the  absence  of  site-specific  values,  the  default  values  provided  below 
should  be  used. 

1,   Freshwater  Fish 

The  default  consumption  rate  provided  below  is  taken  from  a  mail  survey  of  licensed 
anglers  in  Maine  (Ebert  et  al,  1993). 
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Sport-caught  freshwater  fish  =    26  g/day 

The  default  value  represents  the  95'"  percentile  consumption  rate  for  sport-caught  fish 
from  flowing  and  standing  fresh  waterbodies  (i.e.,  rivers,  streams,  lakes  and  ponds).  The 
default  consumption  rate  assimies  that  fish  obtained  by  anglers  are  shared  equally  with 
other  household  members  who  consume  fish.  The  consumption  rate  equates  to  roughly 
one  ounce  of  fish  per  day  or  one  8  ounce  fish  meal  3  or  4  times  per  month. 

This  default  fish  consumption  rate  should  be  used  when  evaluating  fish  intake  by 
sportfishermen  (and  sportfisherwomen!).  The  risk  assessment  should  evaluate  exposure 
to  those  recreational  anglers  who  use  the  fishery  resource  to  its  fullest  extent. 
Evaluation  of  this  receptor  group  is  consistent  with  Section  40.0923  of  the  MCP  which 
provides  that  the  risk  characterization  should  describe  the  full  extent  of  site  activities 
consistent  with  an  identified  site  use.  In  this  situation,  the  site  use  is  catching  and 
consimiing  fish  and  the  risk  characterization  should  evaluate  individuals  who  consume 
fish  to  the  fullest  extent.  In  other  words,  the  evaluation  of  exposure  to  sportfishers  from 
ingesting  contaminated  fish  should  focus  on  the  subgroup  of  anglers  who  eat  a  relatively 
large  amount  of  fish  from  the  waterbody  of  concern. 

The  fish  consumption  rate  should  represent  an  average  or  typical  intake  rate  for  this 
high-use  group.  Therefore,  a  population  average  (for  all  sportfishermen)  would  not  be 
representative  of  exposures  to  high-use  individuals.  The  ideal  way  to  obtain  a  high-use 
average  is  to  calculate  the  average  of  all  the  consumption  rates  that  fall  at  the  high  end 
of  the  sportflshing  population  intake  range  (for  example,  above  the  80th  percentile).  The 
Department  plans  to  use  the  raw  data  from  the  Ebert  et  al.  study  described  above  to 
calculate  an  average  fish  consumption  rate  for  the  high-end  of  the  sportfishing 
population.  Until  the  Department  provides  such  a  value,  it  is  recommending  using  the 
95%ile  fish  consumption  rate  (26  g/person/day)  from  the  Ebert  et  al.  study,  as  described 
above. 

Note:  EPA's  Exposure  Factors  Handbook  provides  a  value  of  6.5  g/day  as  an 
average  per  capita  nonmarine  fish  consumption  rate.  This  value  was 
estabhshed  by  EPA  in  setting  the  Ambient  Water  Quahty  Criteria.  However, 
EPA  states  that  this  value  imderestimates  actual  consumption  rates  for 
recreational  fisherman  and  is  not  accurate  to  use  when  assessing  exposure  to 
recreational  fishermen  at  a  specific  site.  The  Ebert  et  al.  study  of  Maine 
anglers  provides  a  similar  average  consumption  rate  of  6.4  g/day  (for  fish  from 
rivers,  streams,  lakes  and  ponds). 


EPA's  Exposure  Factors  Handbook  also  provides  a  50  percentile  value  of  30 
g/day  and  a  90'"  percentile  value  of  140  g/day  as  values  which  it  considers  to 
be  representative  of  consumption  rates  for  recreational  anglers  (both  marine 
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and  freshwater).  Although  these  values  come  from  studies  on  the  west  coast 
of  the  United  States,  EPA  recommends  that  these  values  be  used  to  represent 
consumption  rates  for  recreational  fisherman  in  any  area  where  there  is  a 
large  water  body  present  and  widespread  contamination  is  evident. 


It  is  the  Department's  view  that  26  g/day  (the  95  percentile  fish  consumption  rate  in 
the  Ebert  et  al.  study)  represents  the  most  appropriate  default  consumption  rate  for 
recreational  freshwater  fish  consumption  in  Massachusetts.  However,  the  risk  assessor 
should  be  attentive  to  local  and  cultural  variations  in  fish  consumption.  To  the  extent 
possible,  site-specific  intake  rates  should  be  used  which  represent  consumption  offish  by 
anglers  who  make  full  use  of  a  waterbody  for  fishing. 


Sources: 

Ebert,  E.,  Boyle,  K,  Knight,  J.  and  Keenan,  R.  (1993)  Estimating  Consumption  of  Freshwater  Fish  among  Maine 
Anglers,  North  American  Journal  of  Fisheries  Management,  13:757-745. 

us  EPA,  ExposTire  Factors  Handbook  --  Final  Report.  U.S.  Environmental  Protection  Agency,  Office  of  Health  and 
Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

PROGRAM/POUCY  NOTE:  The  Bureau  of  Waste  Site  Cleanup  (BWSC)  is  evaluating 
whether  the  derivation  of  the  default  value  described  above  is  consistent  with  program, 
and  policy  goals.  Any  change  to  this  guidance  will  be  posted  on  the  MADEP  Bulletin 
Board  System, 

2.  Mother's  Milk 

The  default  intake  rate  for  mothers  milk  is  taken  from  Report  No.  76,  pubUshed  by  the 
National  Council  on  Radiation  Protection  and  Measurements. 

Infant's  Daily  Intake  of  Mother's  Milk  =  696  ml/day 

Source: 

National  Council  on  Radiation  Protection  and  Measm-ement,  Radiological  Assessment:  Predicting  the  Transport, 
Bioaccumulation.  and  Uptake  by  Man  of  Radionuclides  Releases  to  the  Environment.  NCRP  Report  No.  76,  (March 
1984). 

3.  Home-Produced  Dairy  Products  and  Grains 

EPA's  Exposure  Factors  Handbook  provides  the  following  average  consiunption  rates  for 
home-produced  dairy  products  as  a  whole  and  for  fresh  milk.  These  values  assume  that 
40%  of  the  amount  consumed  is  home-produced. 
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Average  consumption  rates  for  homegrown  eggs  and  grains  are  taken  from  the  U.S. 
Nuclear  Regulatory  Conunission  document  cited  below. 

Dairy  products  =  160  g/day 

Fresh  milk  =  120  g/day 

Eggs  =  27.4  g/day 

Grains  =  190  g/day 


Sources: 

us  EPA,  ExTX3s\ire  Factors  Handbook  -  Final  Report.  U.S.  Environmental  Protection  Agency,  OfUce  of  Health  and 
Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

U.S.  Nuclear  Regulatory  Commission,  Residual  Radioactive  Contamination  From  Decommissioning  -  Technical  Basig 
for  Translating  Contamination  Levels  to  Annual  Total  Effective  Dose  Equivalent.  W.E.  Kennedy  and  D.L.  Strenge, 
Pacific  Northwest  Laboratory,  Final  Report,  Vol.  1;  [NUREG/CR-5512]  (October  1992). 

4.    Homegrown  Produce 

Intake  rates  for  homegrown  produce  are  based  on  market  basket  information  gathered 
by  the  U.S.  Department  of  Agriculture  in  the  1977-78  USDA  Nationwide  Food 
Consumption  Survey  and  on  data  used  by  the  U.S.  EPA  for  assessing  the  land  apphcation 
of  mimicipal  sludge.  Nineteen  garden  fruits  and  vegetables  are  included  in  the  market 
basket  and  the  average  daily  consumption  rates  for  the  homegrown  fruits  or  vegetables 
were  calculated  for  different  age  groups  as  described  below. 

Table  B-5  provides  the  proportion  of  produce  ingested  that  is  homegrown.  The 
relationship  between  the  amount  of  homegrown  produce  and  total  ingested  produce  is 
described  by  subtracting  the  amount  (lbs/week)  of  produce  purchased  from  the  total 
amount  of  produce  eaten  (E).  The  amount  eaten  is  based  on  an  average  family  size  of 
3.06  members  per  household  in  the  USDA  survey.  The  difference  (D)  is  assumed  to  be 
homegrown.  The  ratio  D/E  give  the  proportion  of  the  total  intake  which  should  be 
considered  to  be  homegrown.  This  information  is  specific  to  households  in  the  New 
England  states.  The  population  considered  was  made  up  of  families  in  all  types  of 
urbanization  (central  city,  suburban  and  non-metropohtan).  The  intakes  were  averaged 
over  the  entire  year. 

The  total  produce  intakes  (purchased  plus  homegrown)  were  identified  by  EPA  for  four 
age  groups:  0.5  to  1  year  old,  2  years  old,  14  to  16  years  old,  and  26  to  30  years  old. 
These  produce-specific  intakes  are  given  in  dry  weight,  and  are  listed  in  Table  B-6. 
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The  average  daily  intake  of  homegfrown  produce  was  estimated  for  each  type  of  fruit  and 
vegetable  by  multiplying  the  proportion  of  homegrown  to  total  (from  Table  B-5)  by  the 
total  intake  (Table  B-6)  of  each  type  of  produce.   The  results  are  shown  in  Table  B-7. 

Homegrown  produce  intake  rates  that  are  specific  to  families  in  rural  areas  are  also 
available  from  the  USDA  survey  and  the  EPA  municipal  sludge  report.  It  may  be 
appropriate  to  use  produce  intakes  for  rural  famihes  instead  of  the  intakes  presented  in 
Tables  B-5  through  B-7  in  locations  (such  as  agricultiu-al  areas)  where  one  would  expect 
homegrown  produce  intake  to  be  higher.  Refer  to  the  Draft  Methodology  For  Relating 
Soil  Contaminant  Levels  and  Risk  to  Human  Health  (MADEP,  1995)  for  homegrown 
produce  intakes  for  rural  populations. 


TABLE  B-5  PROPORTION  OF  FRESH  PRODUCE  THAT  IS  HOMEGROWN 

FOR  THE  GENERAL  POPULATION 

(Northeastern  U.S.) 


Amount 

Amount 

Difference 

Proportion 

Eaten 

Bought 

(D) 

(E) 

D/E 

PRODUCE 

(Ibs/wk) 

(Ibs/wk) 

(Ibs/wk) 

White  Potato 

2.94 

2.77 

0.17 

0.0578 

Lettuce 

1.27 

1.22 

0.05 

0.0394 

Spinach 

0.08 

0.07 

0.01 

0.1250 

1                Cabbage 

0.54 

0.48 

0.06 

0.1111 

1                Broccoli 

0.23 

0.22 

0.01 

0.0435 

Cauliflower 

0.09 

0.08 

0.01 

0.1111 

Peppers 

0.26 

0.22 

0.04 

9,1538 

Beans  (wax) 

0.28 

0.16 

0.12 

0.4286 

Peas 

0.04 

0.02 

0.02 

0.5000 

Beets 

0.06 

0.01 

0.05 

0.8333       r    1 

Carrots 

0.46 

0.41 

0.05 

0.1087            I 

Onions 

0.60 

0.55 

0.05 

0.0833            1 

Com 

0.56 

0.40 

0.16 

0.2857 

Cucumbers 

0.50 

0.38 

0.12 

0.2400 

Pumpkin,  Squash 

0.21 

0.10 

0.11 

0.5238 

Strawberries 

0.11 

0.09 

0.02 

0.1818 

Tomatoes 

1.14 

0.66 

0.48 

0.4211 

Cantaloupe 

0.59 

0.54 

0.05 

0.0847 

Other  Berries 

0.06 

0.03 

0.03 

•  0:5000 

Gaidance  for  Disposal  Site 
Risk  Characteriiation 


Appendix  B  -  17 


Interim  Final  Policy  WSC/ORS4&-I41 
MassachusetU  DEP.  July  I99S 


TABLE  B-6 
AVERAGE  DAILY  INTAKE  OF  PRODUCE  FOR  THE  GENERAL  POPULATION 


AVERAGE  DATTY  INTAKE  OF  PRODUCE 

(Dry  Weight) 

Total  Intake 

Total  Intake 

Total  Intake 

Total  Intake 

0.5  <  1  yr 

2  year  old 

14  <  16  yr 

26  <  30yr 

Produce 

(g/day) 

(g/day) 

(g/day) 

(g/day) 

White  Potato 

0.8390 

2.4001 

3.8646 

4.2338 
0.9468 

Lettuce 

0.0053 

0.1071 

0.5466 

0.2000 

Spinach 

0.0160 

0.0470 

0.0470 

0.2700 

Cabbage 

0.0143 

0.0539 

0.1900 

0.3600 

Broccoli 

0.0300 

0.1100 

0.1400 

0.0582 

Cauliflower 

0 

0.0271 

0.0283 

0.0700 

Peppers 

0.0005 

0.0046 

0.0200 

0.1878 

1                    Beans  (wax) 

0.0278 

0.0724 

0.0967 

0.3000 

1                         Peas 

0.1700 

0.1200 

0.1600 

0.0976 

1                         Beets 

0.0021 

0.0371 

0.0806 

0.6109 

1                         Carrots 

0.2016 

0.3993 

0.3340 

0.3065 

1                         Onions 

0.0206 

0.0606 

0.3391 

1.5300 

Com 

0.1000 

1.04 

2.0900 

0.1700          1 

Cuaimbers 

0.0070 

0.0380 

0.0870 

0.2773 

i                 Pumpkin,  Squash 

0.1264 

0.0590 

0.1153 

0.1900          H 

1                     Strawberries 

0.0500 

0.1200 

0.1600 

1.1263          tt 

H                       Tomatoes 

0.0627 

0.3462 

0.6887 

0.2824 

1                      Cantaloupe 

0.0561 

0.0631 

0.3010 

0.0114 

1                   Other  Berries 

0.0005 

0.0082 

0.0110 

1 

f 


Guiduice  for  Disposal  Site 
Risk  Characterization 


Appendix  B  -  18 


Interim  Final  Policy  WSC/ORS-95-141 
MassachusetU  DEP,  July  1995 


I 


TABLE  B-7  AVERAGE  DAILY  INTAKE  OF  HOMEGROWN  PRODUCE 

FOR  THE  GENERAL  POPULATION 

(Dry  Weight) 


AVERAGE  DAILY  INTAKE  OF  HOMEGROWN  PRODUCE 

Homegrown 

Homegrown 

Homegrown 

Homegrov^ 

Intake 

Intake 

Intake 

n  Intake 

0.5  <  1  yr 

2  year  old 

14  <  16  yr 

26  <  30yr 

Produce 

(g/day) 

(g/day) 

(g/day) 

(g/day) 

White  Potato 

0.0485 

0.1387 

0.2234 

0.2447 

Lettuce 

0.0002 

0.0042 

0.0213 

0.0369 

Spinach 

0.0020 

0.0059 

0.0059 

0.0250 

Cabbage 

0.0016 

0.0060 

0.0211 

0.0300 

Broccoli 

0.0013 

0.0047 

0.0060 

0.0155 

Cauliflower 

0 

0.0030 

0.0031 

0.0065 

Peppers 

0.0001 

0.0007 

0.0031 

0.0108 

Beans  (wax) 

0.0119 

0.0311 

0.0415 

0.0806 

Peas 

0.0850 

0.0600 

0.0800 

0.1500 

Beets 

0.0017 

0.0309 

0.0671 

0.0813 

Carrots 

0.0220 

0.0435 

0.0364 

0.0666 

Onions 

0.0017 

0.0050 

0.0281 

0.0254 

Com 

0.0286 

1.2974 

0.5977 

0.4376 

Cuounbers 

0.0017 

0.0091 

0.0209 

0.0408 

Ptimpkin,  Squash 

0.0662 

0.0309 

0.0604 

0.1453 

Strawberries 

0.0091 

0.0218 

0.0291 

0.0346 

1                Tomatoes 

0.0264 

0.1458 

0.2899 

0.4742        1 

Cantaloupe 

0.0048 

0.0054 

0.0256 

0.0240 

Other  Berries 

0.0003 

0.0041 

0.0055 

0.0057 
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Table  B-8  provides  uptake  rates  of  common  contaminants  from  soil  by  plants.   The 
accumulation  of  different  chemicals  has  been  reviewed  extensively  in  studies  of 
potential  effects  of  sewage  sludge  application  on  cropland.   Many  of  the  uptake  factors 
were  taken  from  such  reviews.    One  such  source  is  EPA's  Risk  Assessment 
Methodology  for  Land  Application  and  Distribution  an  Marketing  of  Municipal  Sludge. 
That  document  contains  experimental  data  from  several  sources  for  many  different 
types  of  produce.    Uptake  factors  are  based  on  the  concentration  of  chemical  in  the 
portion  of  the  plant  that  is  usually  consumed  by  humans. 


Sources: 

Bales  et  aL  (1984)  A  Review  and  Analysis  of  Parameters  for  Assessing  Transport  of  EnvironmentaJly  Reteaaed 
Radionuclides  through  Agriculture,  Bales,  C.F.,  Sharp,  R.D.,  Sjoreen,  A.L.,  and  Shor,  R.W.,  Oak  Ridge  Natkmal 
Laboratories  [ORNL-5786],  (September  1984). 

Gary,  E.E.  and  Kubota,  J.  (1990)  Chromium  Concentration  in  Plants:  Effects  of  Soil  Chromium  Concentration  and 
Tissue  Contamination  by  Soil,  J.  Agric.  Food  Chem.  38:108-114. 

Chaney,  R.L.,  Ryan,  J_A.  and  O'Connor,  G-A.  (1990)  Risk  Assessment  for  Organic  Micropollutants:   U.S.  Point  of 
View,  Proc.  EEC  symposiiim  titled  'Treatment  and  Use  of  Sewage  Sludge  and  Liquid  Agricultviral  Wastes",  he]d  in 
Athens,  Greece. 

Grant,  C.  and  Dobbs,  A.J.  (1977)  The  Growth  and  Metal  Content  of  Plants  Grown  In  Soil  Contaminated  by  a 
Copper/Chrome/Arsenic  Wood  Preservative,  Environmental  Pollution  14:213-226. 

MA  DEP,  Methodology  for  Relating  Soil  Contaminant  Levels  and  Risk  to  Human  Health.  Massachusetts 
Department  of  Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

Rinne,  R.J.  (1986)  Soil  Clean  Up  Gmdelines  for  Decommissioning  of  Indiistrial  Lands  -  Backgro\md  and  Rat^'^«*<»fc>« 
for  Development.  Ontario  Ministry  of  the  Environment. 

United  States  Department  of  Agricultiu*;  Food  Consumption  in  the  Northeast,  Seasons  and  Year  1977-78,  Uniteil 
States  Department  of  Agricultxu^  Consiuner  Nutrition  Division  [Report  H-7]  (August  1983). 

US  EPA,  Development  of  Risk  Assessment  Methodology  for  Land  Application  and  Distribution  and  Marketing  of 
Municipal  Sludge;  U.S.  Environmental  Protection  Agency,  Office  of  Health  said  Environmental  Assessment  [EPA 
600/6-89/001]  (1989). 

Walsh,  L.M.,  Sumner,  M.E.  and  Keeney,  D.R.  (1977)  Occurrence  and  Distribution  of  Arsenic  in  Soils  and  Plants, 
Elnvironmental  Health  Perspectives  19:67-71. 
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TABLE  B-8 

PLAN!  UPTAKE  FACTORS 

PT.ANT  UPTAKE  FACTORS 

i^ScHerr^iJ^S 

dry  wt.  plant'' 

per   (mg,,emr.Agd,ywtsol.) 

(References) 

Produce 

ARSENIC     CADMIUM 

CHROMIUM 

LEAD 

MERCURY 

NICKEL 

White  Potato 

0.0006 

0.03 

0.11  (1) 

0.0008 

0.0033 

0.125 

Lettuce 

0.04 

0.43 

0.0075  (2) 

0.008 

0.007 

0.09 

Spinach 

0.04 

0.43 

0.0075  (3) 

0.008 

0.007 

0.09 

Cabbage 

0.04 

0.43 

0.0075  (2) 

0.008 

0.007 

0.09 

Broccoli 

0.04 

0.43 

0.0075  (2) 

0.008 

0.007 

0.09 

Catiliflower 

0.04 

0.43 

0.0075  (2) 

0.008 

0.007 

0.09 

Peppers 

0.002 

0.05 

0.01  (2,4) 

0.002 

0.0033 

0.04 

Beans  (wax) 

0.0002 

0.01 

0.81  (1) 

0.001 

0.001 

0.13 

Peas 

0.0002 

0.01 

0.81  (1) 

0.001 

0.001 

0.13 

Beets 

0.02 

0.22 

0.0125  (5) 

0.003 

0.017 

0.52 

Carrots 

0.02 

0.22 

0.0125  (5) 

0.003 

0.017 

0.52 

Onions 

0.02 

0.22 

0.0125  (5) 

0.003 

0.017 

0.52 

Com 

0.0001 

0.03 

0.0125  (5) 

0.01 

0.0033 

0.13 

Cucumbers 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

Pumpkin,  Squash 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

Strawberries 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

Tomatoes 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

Cantaloupe 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

Other  Berries 

0.002 

0.05 

0.0125  (5) 

0.002 

0.0033 

0.04 

All  uptake  factors  t 

aken  from  U.S. 

EPA  (1989d)  unless  otherwise  noted: 

(1)  -          Grar 

It,  1977 

(2)  -          Baes 

,  1984 

(3)  -          Wals 

h,  1977 

(4)  -          Cary 

,  1990 

(5)  -          Rinn 

e,  1986 
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TABLE  B-8   PLANT  UPTAKE  FACTORS  continued 


PLANT  UPTAKE  FACTORS 


(mge»«^^/kg. 


Produce 


>chemical/      odry  wt.  plant 

(References) 

SILVER       THALLIUM 


)per  (mg^^^j^^/kg      _^,) 


ZINC 


PAHs 


PCBs 


White  Potato 

Lettuce 
Spinach 
Cabbage 
Broccoli 
Cauliflower 
Peppers 

Beans  (wax) 
Peas 

Beets 
Carrots 
Onions 

Com 

Cucvunbers 

P\unpkin,  Squash 

Strawberries 

Tomatoes 

Cantaloupe 

Other  Berries 


0.8  (5) 

0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 

0.8  (5) 
0.8  (5) 

0.8  (6) 
0.8  (5) 
0.8  (5) 

0.8  (5) 

0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 
0.8  (5) 


0.0004  (2) 

0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 

0.0004  (2) 
0.0004  (2) 

0.0004  (2) 
0.0004  (2) 
0.0004  (2) 

0.0004  (2) 

0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 
0.0004  (2) 


0.02 

0.8 
0.8 
0.8 
0.8 
0.8 
0.04 

0.04 
0.04 

0.05 
0.05 
0.06 

0.04 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 


0.42 


0.42 


0.02  (6) 


0.29 

0.38  (6) 

0.29 

0.38  (6) 

0.29 

0.38  (6) 

0.29 

0.38  (6) 

0.29 

0.38  (6) 

0.42 

0.02  (6) 

0.42 

0.002  (6) 

0.42 

0.002  (6) 

0.61 

0.36  (6) 

0.61 

0.36  (6) 

0.61 

0.36  (6) 

0(6) 


0.42 

0.02  (6) 

0.42 

0.02  (6) 

0.42 

0.02  (6) 

0.42 

0.02  (6) 

0.42 

0.02  (6) 

0.42 

0.02  (6) 

All  uptake  factors  taken  from  U.S.  EPA  (1989d)  unless  otherwise  noted: 


(2). 
(5). 
(6). 


Baes,  1984 
Rinne,  1986 
Chaney,  1990 
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TABLE  B-8   PLANT  UPTAKE  FACTORS  continued 


PLANT  UPTAKE  FACTORS 

(mg 

chemical/     Odry  wt. 

plant)  per  (mg^^„i^/kg^^^ 

.J 

(Referenc<».s) 

AT.nRIN/ 

DDT/DDE 

HEXACHLORO 

Produce 

SELENIUM 

DIET.DRIN 

DDD         HEPTACHLOR 

-BENZENE 

TOXAPHENE 

White  Potato 

0.02 

0.13 

0.07 

0^ 

0.75 

0.27 

Lettuce 

0.07 

0.2 

0.11 

0.02 

0.56 

0.07 

Spinach 

0.07 

0.2 

0.11 

0.02 

0.66 

0.07 

Cabbage 

0.07 

0.2 

0.11 

0.02 

0.56 

0.07 

Broccoli 

0.07 

0.2 

0.11 

0.02 

0.56 

0.07 

Cauliflower 

0.07 

0.2 

0.11 

0.02 

0.56 

0.07 

Peppers 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Beans  (wax) 

0.02 

0.81 

0.04 

0.04 

0.78 

0.07           1 

Peas 

0.02 

0.81 

0.04 

0.04 

0.78 

0.07 

Beets 

0.04 

0.43 

0.11 

2.71 

1.11 

1.73 

1            Carrots 

0.04 

0.43 

0.11 

2.71 

1.11 

1.73 

Onions 

0.04 

0.43 

0.11 

2.71 

1.11 

1.73 

Com 

0.03 

0.02 

0.51 

0.14 

0.78 

0.07 

Cucumbers 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Pumpkin,  Squash 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Strawberries 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Tomatoes 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Cantaloupe 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

Other  Berries 

0.04 

0.22 

0.11 

0.21 

0.78 

0.07 

All  uptake  factors  t 

aken  from  U.S. 

EPA  (1989d)  unless  otherwise  noted 
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5.    Homegrown  Meat  and  Poultry 

The  consumption  rate  for  homegrown  beef  is  taken  from  EPA's  Exposure  Factors 
Handbook.    Based  upon  USDA  studies,  in  households  where  beef  is  homegrown,  the 
average  percent  of  annual  consumption  of  beef  that  is  homegrown  is  44%.    Since  the 
total  amount  of  beef  consumed  averages  approximately  100  g/day,  it  can  be  estimated 
that  44  %  of  this  amount,  44  g/day,  represents  the  average  consumption  rate  for 
homegrown  beef. 

The  average  homegrown  poultry  consumption  rate  is  taken  from  the  U.S.  Nuclear 
Regulatory  Commission  publication  cited  below. 

Homegrown  Poultry  Intake    =    25  g/day 

Sources: 

MA  DEP,  Methodology  for  Relating  Soil  Contaniinant  Levels  and  Risk  to  Human  Health,  Massachusetts 
Department  of  Environmental  Protection,  Office  of  Research  and  Standards  DRAFT  (March  1995). 

US  EPA,  Exposure  Factors  Handbook  --  Final  Report.  U.S.  Environmental  Protection  Agency,  Office  of  Health 
and  Environmental  Assessment  [EPA/600/8-89-0430]  (March  1989). 

U.S.  Nuclear  Regulatory  Commission,  Residiial  Radioactive  Contamination  From  Decommissioning  -  Te^Kniral 
Basis  for  Translating  Contamination  Levels  to  Annual  Total  Effective  Dose  Equivalent.  W.E.  Kennedy  and 
D.L.  Strenge,  Pacific  Northwest  Laboratoiy,  Final  Report,  Vol.  1;  [NUREG/CR-5ol21  (October  1992). 


J.   Showering/Bathing  and  Swimming  Exposures 

1.    Inhalation  Exposures  during  Shov^erin^ 

Exposures  via  inhalation  are  generally  important  only  for  volatile  organic  compounds 
(VOCs)  and  known  specific  volatile  materials  which  are  not  VOCs.   Inhalation 
exposures  to  nonvolatile  organic  and  inorganic  compounds  during  showering  are 
generally  assumed  to  be  negligible  and  do  not  need  to  be  evaluated  unless  the 
chemical  under  investigation  is  significantly  more  toxic  when  inhaled  than  when 
ingested. 

For  VOCs,  there  is  evidence  that  inhalation  exposures  in  the  shower  environment 
may  result  in  absorbed  doses  equal  to  and  no  greater  than  doses  associated  with 
ingesting  the  same  water. 

The  default  approach  for  assessing  inhalation  exposures  to  VOCs  during  showering  is 
to  assume  that  the  dose  received  during  showering  is  equal  to  the  dose  that  would  be 
received  from  ingesting  the  same  water.    Based  on  this  assumption,  risks  from 
inhalation  are  assessed  using  the  ingested  dose  (converted  to  an  applied  dose)  with 
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appropriate  inhalation  toxicity  values.    Refer  to  Section  7.3.4.4.  for  a  more  detailed 
discussion  on  estimating  inhalation  exposures  during  showering. 

As  an  alternative  to  the  default  approach,  the  risk  assessor  may  choose  to  estimate 
the  inhalation  exposure  per  shower  using  a  shower  model  such  as  the  Foster  and 
Chrostowski  shower  model.   Table  B-9  below  provides  default  input  values  for  use  in 
the  Foster  and  Chrostowski  model.  Values  are  taken  from  Foster  and  Chrostowski 
(1987)  except  where  noted.   If  a  different  model  is  used,  all  input  values  should  be 
clearly  provided  in  the  Risk  Assessment. 


TABLE  B-9 
DEFAULT  INPUT  VALUES  FOR  FOSTER  &  CHROSTOWSKI  SHOWER  MODEL 


Model 

(Scenario            | 

Parameter 

Definition 

Value 

Specific)          1 

1             ^' 

Shower  water  temperature 

318°  K 

1                   ''s 

Water  viscosity  at  T^ 

0.596  cp 

1                d 

Shower  droplet  diameter 

1  mm 

*s 

Shower  droplet  drop  time 

2sec 

1                FR 

Shower  water  flow  rate 

10  1/min 

SV 

Shower  room  air  voliune 

6  m 

R 

Air  exchange  rate 

0.00833  1/min 

», 

Shower  duration 

15  min 

(Scenario) 
(Scenario) 

Dt 

Total  duration  in  shower  room 

20  min 

^90 

Gas  constant 

8.2  X  10"^  atm- 

mVol-°K 

Ta 

Absolute  temperature 

293°  K 

kg                  (H^O) 

gas-film  mass  transfer  coefficient 

3000  cm/hr 

kg  (CO^) 

liqtiid-film  mass  transfer  coefficient 

20  cm/hr 

T. 

Calibration  water  temperature 

293°  K 

/*! 

Water  viscosity  at  T^ 

1.002  cp 

VR  (adult) 

Ventilation  rate 

15  1/min 

(Scenario) 

BW  (adult) 

Body  weight 

62  kg 

(Scenario) 
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2.  Dermal  Exposures  During  Showering/Bathing  and  Swimmingf 

The  default  approach  for  assessing  dermal  exposures  during  showering/bathing  and 
swimming  assumes  steady-state  conditions  throughout  the  exposure  period  and  involves 
calculating  an  average  daily  dermal  dose  using  a  chemical-specific  permeabihty  coefficient 
(Kp).  Experimentally-derived  Kp  values  are  available  for  some  organic  and  inorganic 
compoimds.  EPA  has  developed  Kp  values  for  many  organic  compounds  using  a  statistical 
algorithm  based  on  experimentally  measured  Kp  values  (Potts  and  Guy,  1992).  The  Potts 
and  Guy  equation  is  discussed  in  EPA's  Interim  Report  entitled  Dermal  Exposure 
Assessment:  Principles  and  Applications.  The  uncertainty  in  EPA's  estimated  Kp  values 
are  judged  by  EPA  to  be  within  plus  or  minus  one  order  of  magnitude.  Table  B-10  below 
provides  measured  and  estimated  K^  values  for  many  compounds.  When  a  measured  and 
estimated  Kp  value  is  available  for  a  compound,  the  measured  value  should  be  used. 

A  default  K^  of  10'^  cm/hr  may  be  used  for  inorganic  chemical  for  which  there  is  no 
measured  value.  This  default  value  is  recommended  by  EPA  in  the  its  Interim  Report 
on  Dermal  Exposure  Assessment. 

Note:  The  Department  has  not  adopted  EPA's  non-steady  state  scheme, 
developed  by  Cleek  and  Bunge  (1992)  and  described  in  EPA's  Interim  Report, 
for  evaluating  the  dermal  dose  absorbed  from  water  because  this  approach  is 
still  under  review  by  the  scientific  community  and  preliminary  testing  by  EPA 
has  shown  that  it  may  result  in  an  overconservative  total  absorbed  dose. 

3.  Ingestion  Exposures  during  Swimming 

A  default  value  for  incidental  ingestion  of  water  during  swimming  is  provided  below. 
This  value  is  roughly  equivalent  to  the  amount  of  water  in  a  large  adult  mouthfvd  or 
several  mouthfuls  for  a  child. 

Incidental  Ingestion  of  Water  During  Swimming  =  50  ml/day 

Soiirces: 

Andebnan,  J.B.  (1985)  Inhalation  Exposure  in  the  Home  to  Volatile  Organic  Contaminants  of  Drinking  Water,  The 
Science  of  the  Total  Environment,  Vol.  47:  443-460. 

Foster,  SA.  and  Chrostowski,  P.C.  (1987)  Inhalation  Exposures  To  Volatile  Organic  Contaminants  in  the  Shower, 
presented  at  the  80th  Annual  Meeting  of  APCA,  New  York,  New  York,  June  21-26,  [paper  87-42.6]. 

us  EPA,  Dermal  Exposure  Assessment:  Principles  and  Application.  U.S.  Enviroxmiental  Protection  Agenqr, 
Exposiire  Assessment  Group,  Office  of  Health  and  Environmental  Assessment  [EPA/600/8-9 1/01  IB]  INTERIM 
REPORT  (January  1992). 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Organics: 

Acetaldehyde 

7.2e-04 

Acetamide 

l.le-04 

Acetylaminofluorene,  2- 

1.7e-02 

Acrolein 

7.4e-04 

Acrylamide 

2.4e-04 

Acrylonitrile 

1.4e-03 

Aldrin 

1.6e-03 

Allyl  chloride 

- 

7.0e-03 

Anuno-2-methylanthraquinone,  1- 

6.6e-03 

Aminoanthraquinone,  2- 

2.8e-03 

Aminoazobenzene,  p- 

8.7e-03 

Aminoazotoluene,  o- 

4.9e-02 

Aminobiphenyl,  4- 

1.7e-02 

AnilinP 

4.1e-02 

2.2e-03 

Anisidine,  o- 

1.7e-03 

Aiiramine 

1.5e-02 

Benzene 

l.le-01 

2.1e-02 

Benzidine 

1.3e-03 

Benzo-a-anthracene 

8.1e-01 

Benzo-a-pyrene 

1.2e+00 

Benzo-b-fluoranthene 

1.2e+00 

Benzoic  acid 

7.3e-03 

Benzotrichloride 

1.5e-02 

Benzyl  chloride 

1.4e-02 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr)     || 

Bis(  2-chloroethyl)ether 

2.1e-03 

Bromodichloromethane 

5.8e-03 

Bromoform 

2.6e-03 

Bromomethane 

3.5e-03 

Bromophenol,  p- 

3.6e-02 

1.3e-02 

Butadiene,  1,3- 

2.3e-02 

Butanediol,  2,3- 

5.0e-05 

1.2e-04 

Butanol,  n- 

2.5e-03 

1.9e-03 

Butoxyethanol,  2- 

1.2e-02 

1.4e-03 

Captan 

1.3e-03 

Carbon  distilfide 

5.0e-01 

2.4e-02 

Carbon  tetrachloride 

2.2e-02 

Chlordane 

5.2e-02 

Chlordane  (cis) 

4.6e-02 

Chlordane  (trans) 

4.6e-02 

Chlorobenzene 

4.1e-02 

Chlorocresol 

5.0e-02 

4.1e-02 

Chlorodibromotnethane 

3.9e-03 

Chloroethane 

8.0e-3 

Chloroform 

1.3e-01 

8.9e-03 

Chloromethane 

4.2e-03 

Chlorophenol,  o- 

3.3e-02 

l.le-02 

Chlorophenol,  p- 

3.6e-02 

1.6e-02 

Chlorothalonil 

2.5€-02 

Chloroxylenol 

6.0e-02 

3.0e-04 

Chiysene 

8.1e-01 

Cresidine,  p- 

4.3e-03 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Cresol,  m- 

1.5e-02 

l.Oe-02 

Cresol,  o- 

1.6e-02 

l.Oe-02 

Cresol,  p- 

1.8e-02 

l.Oe-02 

DDD 

2.8e-01 

DDE 

2.4e-01 

DDT 

4.3e-01 

Decanol 

8.0e-02 

1.7e-01 

Di-2-€thylhexyl  phthalate 

3.3e-02 

Diaminoanisole,  2,4- 

2.3e-04 

Diaminotoluene 

6.0e-04 

Diaminotoluene,  2,4- 

3.3e-03 

Dibenzo(a,b)anthracene 

2.7e-l-00 

Dibutyl  phthalate 

3.3e-02 

Dichlorobenzene,  1,2- 

6.1e-02 

Dichlorobenzene,  1,3- 

8.7e-02 

Dichlorobenzene,  1,4- 

6.2e-02 

Dichlorobenzidine,  3,3' 

1.7e-02 

Dichlorodifluoromethane 

1.2e-02 

Dichloroethane,  1,1- 

8.9e-03 

Dichloroethane,  1,2- 

5.3e-03 

Dichloroethylene,  1,1- 

1.6e-02 

Dichloroethylene,  l,2-(trans) 

l.Oe-02 

Dichlorophenol,  2,4- 

6.0e-02 

2.3e-02 

Dichloropropane,  1,2- 

l.Oe-02 

Dichloropropene,  1,3- 

5.5e-03 

Dichlorvos 

9.5e-04 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured    Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Dieldrin 

1.6e-02 

Diepoxybutane 

2.8e-05 

Diethyl  phthalate 

4.8e-03 

Diethyl  sulfate 

1.4e-03 

Dimethoxybenzidine,  3,3- 

l.Oe-03 

Dimethyl  sulfate 

2.2e-03 

Dimethylamine.n-nitroso 

2.7e-04 

Dimethylaminoazobenzene,  4- 

1.4e-01 

Dimethylbenzidine,  3,3- 

4.4e-03 

Dimethylcarbamyl  chloride 

4.2e-04 

Dimethylhydrazine,  1,1- 

7.1e-05 

Dimethylphenol,  2,4- 

l.le-01 

1.5e-02 

Dimethylphenol,  3,4- 

4.0e-02 

1.3e-02 

Dinitrophenol,  2,4- 

3.2e-03 

1.8e-03 

Dinitrotoluene,  2,4- 

3.8e-03 

Dinitrotoluene,  2.6- 

2.5e-03 

Dioxane,  1,4- 

4.0e-04 

3.6e-04 

Diphenylamine,  n-nitroso 

2.0e-02 

Endrin 

1.6e-02 

Epichlorohydrin 

3.7e-04 

Ethanol 

8.0e-04 

6.0e-04 

Ethanol,  2-(2-butoxyethoxy)- 

4.4e-05 

Ethanol,  2-(2-ethoxyeth(»^). 

2.5e-04 

Ethanol,  2-(2-inethoxyethoxy)- 

1.8e-04 

Ethoxyethanol,  2- 

3.0e-04 

4.6e-04 

Ethoxyethyl  acetate,  2- 

8.6e-04 
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TART.FB-IO                                       II 

Experimentally  Measured  and  Estimated 
Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media                       | 

Measured    Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Ethyl  acrylate 

4.0e-03           1 

Ethyl  carbamate 

4.3e-04 

Ethyl  ether 

1.7e-02 

2.9e-03 

Ethylbenzene 

l.Oe+00 

7.4e-02 

Ethylene  oxide 

6.3e-04 

Ethylenedibromide 

3.3e-03 

Ethyleneimine 

1.7e-04 

Ethylenethiourea 

1.7e-04 

Ethylphenol,  p- 

3.5e-02 

1.4e-02 

Fluoranthene 

3.6e-01 

Formaldehyde 

2.2e-03 

Glycerol 

1.4e-04 

2.9e-05 

Heptachlor 

l.le-02 

Heptanol 

3.8e-02 

1.9e-02 

Hexachlorobenzene 

2.1e-01 

Hexachlorobutadiene 

1.2e-01 

Hexachloroethane 

4.2e-02 

Hexamethylphosphoramide 

1.6e-04 

Hexanol 

3.0e-02 

1.3e-02 

Hydrazine/Hydrazine  stilfate 

4.1e-05 

Indeno(  I,2,3-CD)pyrene 

1.9e+00 

Isophorone 

4.2e-03 

Lindane 

1.4e-02 

Mechloroethamine 

1.2e-03 

Methanol 

1.6e-03 

3.5e-04 

Methoxyethanol,  2- 

1.9e-04 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                        (cm/hr)         (cm/hr) 

Methoxypropan-2-ol,  1- 

4.0e-04 

Methyl  ethyl  ketone 

5.0e-03 

l.le-03 

Methyl  Hydroxybenzoate 

9.1e-03 

5.2e-03 

Methyl  iodide 

3.1e-03 

Methylaziridine,  2- 

3.2e-04 

Methylene  bis(2-chloroanilane),  4,4- 

2.8e-02 

Methylene  bis(N,N'diniethyl)aniline, 

4,4- 

1.3e-01 

Methylene  chloride 

4.5e-03 

MpthylpnpHianilinp,  4,4' 

1.6e-03 

Michler's  ketone 

3.4e-02 

Mustard  Gas 

5.6e-03 

Naphthalene 

6.9e-02 

Naphthol,  b- 

2.8e-02 

2.6e-02 

Naphthylamine,  1- 

l.Oe-02 

Naphthylamine,  2- 

l.le-02 

Nitrilotriacetic  acid 

9.7e-05 

Nitro-o-anisidine,  5- 

2.5e-03 

Nitrobiphenyl,  4- 

5.5e-02 

Nitrofen 

3.0e-01 

Nitrophenol,  2- 

l.Oe-01 

5.0e-03 

Nitrophenol,  2-ainino-4- 

7.0e-04 

2.0e-03 

Nitrophenol,  3- 

5.6e-03 

7.1e-03 

Nitrophenol,  4- 

5.6e-03 

6.1e-03 

Nitrophenol,  4-amino-2- 

3.0e-03 

l.le-03 

Nitropropane,  2- 

l.Oe-03 

Nitroso-di-n-butylamine,  n- 

4.8e-03 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Nitroso-N-ethylurea,  n- 

5.4e-04 

Nitroso-N-methylxirea,  n- 

4.3e-04 

Nitrosodiethanolamine,  n- 

5.0e-06 

2.2e-05 

Nitrosodiethylamine,  n- 

1.2e-03 

Nitrosodiphenylamine,  p- 

3.6e-02 

Nitrosomethylvinylamine,  n- 

5.7e-04 

Nitrosomorpholine,  n- 

1.8e-04 

Nitrosonomicotine,  n- 

1.7e-04 

Nitrosopiperidine,  n- 

2.5e-05 

Nonanol 

6.0e-02 

7.3e-02 

Octanol 

6.1e-02 

3.9e-02 

Parathion 

1.7e-02 

PCB-chlorobiphenyl,  4- 

1.3e+00 

PCB-hexachlorobiphenyl 

7.1e-01 

Pentachloronitrobenzene 

5.9e-02 

Pentachlorophenol 

6.5e-01 

Pentanol 

6.0e-03 

7.1e-03 

Pentanone,  4-methyl,  2- 

3.3e-03 

Phenanthrene 

2.3e-01 

Phenol 

8.2e-03 

5.5e-03 

Phenol,  4,6-dinitro-2-,methyl- 

3.8e-03 

Propanol 

1.7e-03 

1.3e-03 

Propiolactone,  beta- 

3.3e-04 

Propylene  oxide 

8.9e-04 

Resorcinol 

2.4e-04 

1.5e-03 

Safrole 

1.5e-02 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 


Chemical 

Measured 
Kp 

(cm/hr) 

Estimated  | 
Kp 

(cm/hr) 

Styrene 

6.7e-01 

5.5e-02 

Styrene  oxide 

4.9e-03 

TCDD 

1.4e-»-00 

Tetrachlorethylene 

3.7e-01 

4.8e-02 

Tetrachloroethane,  1,1,2,2- 

9.0e-03 

Thioacetamide 

2.1e-03 

Thiodianiline,  4,4- 

2.5e-03 

Thiourea 

9.6e-05 

1.4e-04 

Thymol 

5.3e-02 

5.1e-02 

Toluene 

l.Oe-t-00 

4.6e-02 

Toluidine  hydrochloride,  o- 

2.1e-03 

Toluidine,  o- 

3.7e-03 

Toxaphene 

1.5e-02 

Trichlorobenzene,  1,2,4- 

l.Oe-01 

Trichloroethane,  1,1,1- 

1.7e-02 

Trichloroethane,  1,1,2- 

8.4e-03 

Trichloroethylene 

2.3e-01 

1.6e-02 

Trichlorofluoromethane 

17e-02 

Trichlorophenol,  2,4,6- 

5.9e-02 

5.0e-02 

Tris(2,3-dibromopropyl)phosphate 

3.6e-04 

Tris(aziridinyl)-para-benzoquinone 

8.3e-06 

Urea 

1.2e-04 

2.6e-05 

Vinyl  bromide 

5.5e-03 

Vinyl  chloride 

7.3e-03 

Water 

1.5e-03 

1.6e-04 

Xylene,  m- 

8.0e-02 
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TABLE  B-10 

Experimentally  Measured  and  Estimated 

Permeability  Coefficient  Values  (Kp)  for 

Chemicals  in  Aqueous  Media 

Measured     Estimated 
Kp                  Kp 
Chemical                       (cm/hr)         (cm/hr) 

Inoriranics: 

Cadmium  chloride 

le-03 

Sodivim  chromate 

2e-03 

Sodi\mi  dichromate 

le-03 

Chromium  chloride 

le-03 

Cobalt  chloride 

4e-04 

Lead  acetate 

4e-06 

Mercuric  chloride 

le-03 

Methyl  mercury-dicyandiamide 

le-03 

Potassium  mercviric-chloride 

3e-03 

Nickel  chloride 

le-04 

Nickel  siolfate 

9e-06 

Silver  nitrate 

6e-04 

Zinc  chloride 

6e-04 

K.  Absorption  Efficiency 

As  discussed  in  Section  7.2.3,  the  Relative  Absorption  Factor  (RAF)  is  used  to  adjust  the 
calculated  exposure  to  a  given  chemical  so  that  it  is  comparable  to  the  toxicity  information 
for  that  chemical.  A  unique  RAF  should  be  estimated  for  a  chemical  for  each  combination 
of  toxicity  value  and  route  of  exposure.  To  estimate  an  RAF,  two  factors  must  be  identified: 

(1)  the  absorption  efficiency  for  the  chemical  via  the  route  and  mediiun  of  exposure 
being  evaluated  for  the  disposal  site;  and 

(2)  the  absorption  efficiency  for  the  route  and  medium  of  exposure  in  the  experimental 
study  which  is  the  basis  of  the  dose-response  value  for  the  chemical  in  question. 
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The  RAF  is  calculated  as  follows: 

Absorpt. 

AbSOrp  ti  OnEffi  Ci  encysTyoy^oute/mediumofexposuzB 


j^p   =      AbSOrpti  OnEffi  ci  ency^jrEroute/modiumof exposure 


In  the  absence  of  readily  available  site-specific  and  chemical-specific  information,  the  default 
absorption  efficiencies  in  Table  B-11  can  be  used  to  estimate  an  RAF.  However,  it  must  be 
stressed  that  the  use  of  generic  absorption  efficiency  data  in  a  risk  assessment  will  increase 
the  uncertainty  in  the  risk  assessment  results.  This  is  because  there  is  a  wide  variation  in 
absorption  efficiency  among  chemicals,  even  between  chemical  within  the  same  class.  Thus, 
the  default  values  in  Table  B-11  should  only  be  used  as  a  last  resort  when,  after  a  thorough 
literatiu*e  search,  the  risk  assessor  is  unable  to  find  absorption  efficiency  data  specific  to  the 
site  and  the  chemical  of  interest. 

Table  B-11  below  provides  default  absorption  efficiencies  for  four  classes  of  chemicals;  volatile 
organics,  semi-volatile  organics,  pesticides  and  metals/inorganics.  The  first  part  of  Table  fi- 
ll provides  default  absorption  efficiencies  for  various  site  routes  and  media  of  exposure.  The 
second  part  of  Table  B-11  provides  default  absorption  efficiencies  for  various  study  routes  and 
media  of  exposure.  To  estimate  an  RAF,  select  the  absorption  efficiency  that  corresponds 
to  the  class  of  chemical  of  concern  and  the  exposure  that  is  being  evaluated  at  the  site. 
Then  select  the  absorption  efficiency  that  corresponds  to  the  way  in  which  the  chemical  was 
administered  in  the  study  on  which  the  toxicity  value  for  the  chemical  of  interest  is  based. 
This  information  is  typically  available  as  part  of  the  documentation  of  toxicity  values 
pubhshed  by  EPA  in  IRIS  and  HEAST.  In  addition,  the  Risk  Assessment  SkortForm  - 
Residential  Scenario  provides  this  information  for  a  variety  of  chemicals.  The  RAF  is 
calculated  as  the  ratio  of  the  two  values,  as  shown  in  the  equation  above. 
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TABLE  B-11.   DEFAULT  ABSORPTION  EFFICIENCIES 


ROUTE/MEDIUM  OF 
EXPOSURE 

Volatile 
Organics 

Semi- 
Volatile 
Organics 

Metals/         1 
Inorganics 

. 

SITE 

Soil  Ingestion 

0.99 

0.91 

0.39                1 

Soil  Dermal  Contact 

0.11 

0.17 

0.03                1 

Water  Ingestion 

0.99 

0.92 

0.4 

Produce  Ingestion 

0.99 

0.92 

0.39                1 

STUDY 

Gavage:  Oil 

1 

0.91 

Not  avail.       fl 

Drinking  Water 

1 

Not  avail. 

0.55                1 

Food 

Not  avail. 

0.95 

0.21                1 

Injection 

1 

1 

1                     1 

Inhalation 

0.91 

Not  avail. 

Not  avail. 

Dermal  Contact 

0.11 

0.14 

0.017 
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L  Exposure  Frequency 

1.  Utility  Worker 

The  default  exposure  frequency  for  a  utility  worker  is  one  day  per  year.  This  represents 
a  conservative  estimate  of  the  frequency  of  exposure  to  contaminated  soil  or  vapors  at 
depth  that  would  be  experienced  by  a  utility  worker,  given  the  frequency  of  utility 
repairs,  the  time  needed  for  repairs  and  the  rotation  of  work  crews.  This  default 
frequency  is  based  on  discussions  with  utiUty  companies. 

2.  Residential  Scenario 

The  default  exposure  frequency  for  exposure  to  contaminated  soil  at  a  residential 
property  is  5  days  per  week  during  the  months  of  April  through  October.  This  defiiult 
exposure  frequency  represents  an  estimate  of  the  frequency  of  exposure  that  a  receptor 
is  likely  to  experience  to  contamination  present  at  his/her  residential  property  given  full 
and  imrestricted  use  of  the  property. 

An  exposure  frequency  of  5  days  per  week  should  also  be  used  when  evaluating  indoor 
exposures  to  dust/soil  whose  source  is  outdoor  soil,  during  the  months  when  outdoor 
exposure  does  not  occiu:. 


3.    Construction  Worker 

For  a  construction  worker  scenario,  the  default  exposure  frequency  is  5  days  per  week  for 
6  months.  This  represents  a  conservative  estimate  of  the  frequency  of  exposure  to 
contaminated  soil  or  vapors  that  would  be  experienced  by  a  construction  worker,  given 
the  typical  duration  of  a  construction  project. 


4.    Other  Scenarios 

Default  exposure  frequencies  for  other  scenarios  such  as  Recreational,  Trespasser  and 
Swimming  are  not  provided  because  exposure  frequencies  for  these  scenario  may  vary  too 
greatly  depending  on  site-specific  situations.  The  risk  assessor  should  develop  site-specific 
exposure  frequencies  for  exposures  scenarios  that  are  not  provided  here. 
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APPENDIX  C 


PROBABILISTIC  EXPOSURE 
ASSESSMENT 


APPENDIX  C:  PROBABILISTIC  EXPOSURE  ASSESSMEI^ 


A  Draft  of  this  Section  is  ejected  to  be  available  in  the  fall  of  1995. 


Copies  of  the  Probabilistic  Exposure  Assessment  guidance  will  be  available  through 
the  MADE?  Bulletin  Board  System  and  through  the  MADE?  InfoLine/MCP  HotHne. 


Please  call  the  MCP  Hotline  for  the  latest  information  on  the  schedule  for  this  guidance. 
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APPENDIX  D 


DISCUSSION  OF  TECHNICAL  ISSUES 

IN 
FISH  SAMPUNG 


1 

4 


APPENDIX  D:  DISCUSSION  OF  TECHNICAL  ISSUES  IN  FISH  SAMPLING 


INTRODUCTION 

The  determination  of  chemical  concentrations  in  the  tissues  of  aquatic  biota  can  be 
undertaken  for  many  reasons.  The  topics  and  issues  presented  in  the  following  paragraphs 
are  intended  to  serve  as  a  guide  for  the  design  of  these  types  of  programs.  Detailed 
protocols  for  the  component  parts  of  the  guidance  are  available  in  other  sources  cited  in  the 
text.  While  the  majority  of  aquatic  species  sampled  in  contaminant  monitoring  programs  for 
the  state  are  fish,  there  are  situations  when  aquatic  invertebrates  may  be  the  sampling 
target.  The  following  information  is  generally  apphcable  to  both  groups  of  organisms  with 
exceptions  as  noted. 


STEP  1:  DEFINITION  OF  SAMPLING  OBJECTIVES 

Contaminant  monitoring  in  biota  may  be  imdertaken  for  a  variety  of  reasons  and  it  is 
important  at  the  start  of  the  design  of  any  program  to  clearly  define  why  the  sampling  is  to 
be  performed  in  order  to  set  the  stage  for  proper  design  of  the  study.  Possible  objectives 
include:  the  description  of  the  spatial  or  temporal  variabihty  in  specific  chemicals  for  use 
as  sentinels  of  environmental  quahty;  the  ascertainment  of  contaminant  concentrations  in 
organism  tissues  for  estimating  human  health  hazards  posed  by  ingestion  of  those  tissues; 
and  determining  the  impact  of  identified  sources  of  disturbance  using  control  sites  Gf 
available)  and  before  and  or  after  the  impact  event  samples. 

If  sampling  is  being  performed  for  \ise  in  health  risk  assessment,  choices  to  be  made  in 
species  selection,  sample  preparation  and  analysis  and  power  of  the  sampling  design  may 
differ  from  those  made  for  other  types  of  programs.  A  survey  may  have  different 
requirements  than  a  study  being  imdertaken  to  determine  if  impacts  have  occurred  as  a 
result  of  some  chemical  release. 

Once  the  sampling  objectives  have  been  clearly  stated,  the  details  of  the  sampling  pn^ram 
such  as  specification  of  target  species  and  analytes,  statistical  design,  sampling  methods, 
sample  handling  and  preservation,  anal3i^ical  methods  can  be  completed. 
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roENTIFICATION  OF  TARGET  SPECIES 

The  choice  of  species  will  be  determined  in  part  by  the  objectives  of  the  study.  A  particular 
population  of  fish  or  invertebrates  may  be  of  interest  or  a  community  may  be  of  interest. 
A  fishery  resource  is  often  the  target  of  interest.  In  cases  where  aquatic  species  are  being 
used  as  sentinels  of  environmental  quahty,  one  tactic  is  to  choose  species  which  have  the 
greatest  likelihood  of  accumulating  and  retaining  the  target  chemicals.  Older  or  larger 
specimens  which  have  had  longer  periods  to  accumulate  the  chemicals  are  good  choices  as 
are  organisms  with  a  high  fat  content  or  those  whose  life  history  and  food  preferences  would 
predispose  them  to  greater  exposiires  to  the  chemicals.  Many  organic  compounds  are 
hpophilic  and  tend  to  sequester  in  hpid  rich  tissues.  Therefore  species  with  higher  fkt 
contents  often  have  higher  organic  chemical  concentrations  than  do  relatively  lean 
iudividuals.  Organisms  who  feed  on  trophic  levels  where  chemicals  may  be  sequestered  or 
cycled  through  also  are  good  choices  for  maximizing  the  chances  of  detecting  chemicals  in 
biota  in  an  aquatic  ecosystem.  For  example,  bottom-feeding  fish  and  deposit  feeding 
invertebrates  often  may  have  greater  exposm-es  to  chemicals  than  those  that  feed  in  the 
water  column.  Catfish  and  suckers  in  fi*eshwaters;  cod,  flounder,  deposit-feeding  polychaete 
worms  and  bivalve  molluscs,  and  lobsters  in  marine  waters  wo\ild  all  fit  this  criterion.  When 
the  chemical  of  interest  is  one  which  is  known  to  biomagnify  in  a  food  web,  such  as  mercury, 
PCBs  or  DDT,  choosing  a  species  further  up  the  food  web  will  enhance  the  chances  for 
quantifying  the  chemical  in  aquatic  species.  Possible  species  meeting  this  specification  are 
pike,  chain  pickerel  and  salmon  in  freshwater  systems  and  striped  bass,  bluefish,  tuna,  and 
other  gamefish  in  the  marine  environment. 

One  of  the  problems  which  may  be  encountered  with  some  species,  particularly  in  localized 
fi-eshwater  environments  is  the  availability  of  sufficient  numbers  of  individuals  to  meet  the 
requirements  of  the  study. 


SAMPLING  METHODS 

The  capture  methods  for  the  target  species  will  vary  dependent  upon  the  species  and  type 
of  environment  being  sampled.  In  freshwater  systems,  a  variety  of  methods  often  is  more 
productive  than  reliance  on  one  captiu*e  method.  Seining  may  work  well  for  smaller  fish  in 
waters  with  enough  shallow  habitat  to  permit  seining.  In  deeper  waters  for  larger  fish,  box, 
poimd  or  gill  nets  may  be  used.  Angling  with  rod  and  reel  often  is  effective  for  smaller 
numbers  of  individuals.  Electroshocking  can  be  used  in  more  confined  locales.  In  more 
open,  deeper  waters  with  access  to  larger  vessels,  trawling  with  various  types  of  nets  can  be 
xised.  Sessile  or  infaimal  benthic  invertebrates  can  be  captiu-ed  by  hand  or  remotely  with 
grabs  and  dredges  (Holme  and  Mclntyre,  1971). 
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SAMPLE  HANDLING  CONSmERATIONS 

There  are  three  issues  to  be  considered  here:  pretreatment  of  individuals;  preservation;  and 
dissection.  For  some  species  such  as  biota  that  feed  on  media  that  may  be  contaminated,  it 
may  advantageous  to  allow  the  organisms  to  depurate  their  gut  contents  prior  to 
preservation.  The  objectives  of  the  sampling  program  will  determine  whether  this  should 
be  done.  In  practice,  bivalves  and  worms  are  the  taxa  where  depuration  may  be  most  often 
used.  In  cases  where  individual  tissues  will  be  excised,  there  will  be  no  need  to  depurate. 
In  cases  where,  the  whole  organism  is  to  be  analj^ed,  it  may  be  useful  to  permit  the  animfllg 
to  evacuate  their  guts  if  total  body  burdens  of  chemicals  are  to  be  determined.  Depuration 
can  usually  be  accomplished  by  placing  the  organisms  in  clean  water  with  no  sediment  for 
24  hours. 

The  order  of  preservation  and  dissection  is  usually  dependent  upon  the  circumstances  under 
which  sampling  is  carried  out.  The  decision  as  to  whether  intact  individiials  or  specific 
tissues  are  anal3rzed  depends  upon  the  objectives  of  the  sampling  program.  Some  species 
may  be  too  small  for  practical  analysis  of  individual  tissues  for  regulatory  purposes.  Analysis 
of  intact  individiials  gives  a  gross  estimate  of  the  amount  of  a  chemical  within  the  organism, 
but  is  not  sufficient  if  specific  tissues  are  of  concern.  Chemicals  are  uisually  sequestered  in 
specific  organs  or  tissues.  Those  tissues  having  httle  of  the  chemical  "dilute"  the  chemical 
that  is  concentrated  in  other  tissues  when  whole  samples  are  homogenized  prior  to  anal3rsis. 
This  situation  limits  the  detection  capabihties  for  the  chemicals  in  the  tissues.  When 
specific  tissues  are  analyzed,  analytical  detection  capabihties  can  be  focussed  upon  those 
tissues  where  the  chemical  is  most  likely  to  be  foimd  and  hence  the  chances  of  detecting  the 
chemical  will  be  maximized.  Specific  tissues  may  be  analytical  targets  when  information  on 
partitioning  on  the  chemicals  of  interest  within  the  body  is  sought  or  when  there  is  interest 
in  specific  tissues  firom  an  interpretative  perspective.  For  example,  in  cases  where  human 
health  risks  fi*om  ingestion  of  chemically  contaminated  fish  are  the  primary  concern,  it 
makes  most  sense  to  analyze  those  tissues  that  the  consiuner  is  exposed  to,  Le.  the  muscle 
in  most  cases. 


If  whole  organisms  are  to  be  analyzed,  then  they  should  be  sacrificed  as  appropriate  to  the 
species,  placed  on  ice  (usually  for  no  more  than  several  hours  during  transport  to  a  lab)  until 
they  can  either  be  analyzed  or  frozen  for  storage.  If  individual  tissues  are  to  be  anal3rzed, 
dissection  may  take  place  immediately  after  sacrifice  if  suitably  clean  conditions  for  the 
contaminants  of  interest  can  be  established.  Guidelines  for  quahty  control  diuing  this  phase 
are  contained  in  USEPA  1993.  Otherwise,  the  intact  specimens  should  be  placed  on  ice  until 
either  fi*ozen  or  ready  for  analysis  in  the  lab.  When  ready  for  analysis,  fi-ozen  specimens  can 
be  thawed  and  tissues  dissected.  With  post-freezing  dissection,  or  freezing  of  specific  tissues, 
there  is  the  possibihty  that  cell  lysis  from  ice  crystals  has  taken  place  with  concomitant  loss 
of  interstitial  fluids  and  any  associated  chemicals. 
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STATISTICAL  CONSmERATIONS 

One  of  the  critical  choices  in  the  design  of  aquatic  biota  sampling  programs  is  the  choice  of 
nimabers  of  samples  for  analysis.  This  choice  should  be  governed  by  the  objectives  of  the 
sampling  program,  the  underlying  statistical  design  and  the  available  finnnHnl  resources. 
This  presentation  of  sampling  considerations  is  not  inclusive  and  the  reader  is  therefore 
cautioned  to  adhere  to  the  principles  of  good  experimental  design  when  designing  their 
sampling  program.  The  two  main  choice  alternatives  for  numbers  of  samples  relate  to 
whether  to  anal3^e  individual  samples  or  to  composite  individuals  and  analyze  these  pooled 
samples.   The  considerations  associated  with  both  options  are  presented  in  Table  D-1. 


Table  D-1 

Considerations  Associated  with  Ana^^sis 

of  Individual  Samples  and  Composites 


ADVANTAGES 


DISADVANTAGES 


Individual 


*  provides  most  complete 

information 

*  allows  most  powerful  design 

*  more  expensive 

*  requires  larger  numbers  of 

individuals 


Composite 


*  less  expensive 

*  useful  for  rou£^  look 

*  no  estimate  of  between  individual 

variance 

*  loss  of  statistical  power 

*  poorly  developed  sampling  statistics 


Analysis  of  composite  samples  has  gained  favor  because  of  the  lessened  costs  associated  with 
the  analysis  of  a  few  pools,  even  though  the  total  number  of  fish  included  may  be  the  same 
as  would  be  required  for  analysis  of  individuals.  When  samples  are  pooled  and  anafyzed,  a 
single  concentration  is  produced  and  any  information  on  between-individual  variance  is  lost. 
This  lost  estimate  of  between-sample  variance  precludes  testing  between-group  differences 
when  pools  are  involved. 

For  studies  where  individual  samples  will  be  anal3rzed,  methods  for  the  determination  of  the 
appropriate  nimabers  of  individuals  can  be  found  in  Green  (1979),  Cochran  (1977),  and 
USEPA  1993.  The  best  sample  number  is  the  largest  that  can  be  accommodated.  Arguments 
for  large  sample  nim[ibers  are  that  most  statistical  analyses  tend  to  be  robust  in  the  face  of 
violations  of  assumptions  if  they  are  based  on  a  large  number  of  error  degrees  of  freedom. 
Precision  estimates  of  mean  values  also  will  increase  with  sample  numbers,  but  the 
magnitude  of  the  reduction  is  subject  to  a  law  of  diminishing  returns  (Green  1979). 
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The  procedure  involved  is  one  of  first  specifying  the  hypothesis  to  be  tested  with  a  sampling 
program;  such  as  "the  mean  values  of  mercury  concentrations  in  lobster  hepatopancreas  &om 
Quincy  Bay  are  the  same  as  those  from  Massachusetts  Bay".  The  statistical  test  which  will 
be  used  to  test  the  hj^othesis  (often  the  t-test  or  analysis  of  variance  for  differences  between 
groups)  is  then  identified.  The  magnitude  of  change  or  difference  between  groups  one  wants 
to  be  able  to  detect  and  the  acceptable  risks  of  making  an  error  must  be  specified.  For 
instance,  in  this  example  with  lobsters,  the  investigator  might  determine  that  he  wants  to 
be  able  to  detect  a  difference  of  50%  in  the  concentrations  between  the  two  areas  with  a  1- 
in-20  chance  of  being  wrong  in  the  conclusion  that  the  groups  are  different  (or  stated 
alternatively  with  a  95  %  confidence  that  they  are  indeed  the  same). 

A  priori  estimates  of  the  sample  means  and  standard  deviations  are  required.  This 
information  is  not  often  at  hand  for  the  particular  species  or  contaminant  of  interest.  Several 
avenues  are  available  for  obtaining  these  values.  Ideally,  preliminary  sampling  should  be 
performed  to  provide  estimates  of  the  mean  and  standard  deviation.  Reso\u*ces  and  time  are 
seldom  available  to  permit  this  step,  so  a  second  alternative  is  to  use  values  from  the 
Hterature  or  from  other  similar  studies.  While  sample  variances  would  be  expected  to  differ 
between  species  within  a  phylum  or  areas,  examination  of  a  large  enough  data  set  from  the 
hterature  may  help  identify  some  likely  values  for  the  variance  and  place  bounds  on  the 
range  of  variances  that  have  been  determined.  With  this  information  in  hand  for  two  sample 
tests,  the  traditional  formula  describing  the  confidence  limits  about  a  mean  in  terms  of  the 
sample  mean,  standard  deviation  and  number  of  samples  can  be  used  to  solve  for  the  nim[iber 
of  rephcate  samples  needed  to  obtain  the  desired  sampling  objectives. 

Regrettably  in  freshwater  fish  sampling,  all  of  these  considerations  often  become  academic 
because  of  the  difficulty  of  obtaining  adequate  numbers  of  fish  in  small  water  bodies. 

Variance  in  tissue  or  whole  body  concentrations  of  most  anthropogenic  chemicals  is  also 
determined  by  the  condition  of  the  organism  and  its  age/size.  Water  and  hpid  content  can 
change  seasonally  in  some  species  and  there  are  large  differences  in  hpid  contents  between 
species  of  fish.  The  age  of  an  organism  also  may  be  a  determinant  of  the  tissue  chemical 
concentration.  Older  individuals  of  a  species  will  tend  to  have  higher  concentrations  of 
chemicals  which  bioaccumulate  than  younger  ones.  These  sources  of  variance  can  be 
addressed  in  two  ways  when  executing  a  sampling  program. 

The  variation  due  to  seasonally  changing  water  and  lipid  contents  can  be  addressed  first  by 
taking  samples  for  comparison  during  the  same  season.  Times  when  gametogenesis  and 
physiological  processes  associated  with  spawning  are  taking  place  should  be  avoided. 

Differing  degrees  of  tissue  hydration  introduce  variation  into  the  data  when  concentrations 
of  chemicals  in  tissues  are  expressed  on  a  mass  per  unit  wet  weight  basis.  This  method  of 
expressing  data  is  common  in  the  hterature  related  to  seafood  quahty  and  health  risk 
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assessment  issues.  The  preferred  method  of  data  treatment  in  aquatic  research  is  to  express 
these  concentrations  on  a  tissue  dry  weight  basis  so  that  this  source  of  variance  can  be 
eliminated.  This  technique  can  be  apphed  directly  to  samples  destined  for  analysis  of 
inorganic  compoimds.  However,  for  organic  compounds  which  might  volatilize  during  drying, 
samples  can  be  spht  and  one  dried  to  constant  weight  to  determine  the  percentage  of  water 
and  the  other  sample  containing  water  of  hydration  analyzed.  The  mass  of  chemical  value 
per  imit  wet  weight  can  then  be  adjusted  for  the  percentage  of  tissue  hydration  determined 
from  the  spht. 

Variation  due  to  varying  lipid  contents  can  also  be  normalized  by  determining  the  total  hpid 
content  of  splits  of  samples  and  then  normalizing  chemical  concentrations  to  hpid  contents 
of  the  tissues,  i.e.,  expressing  values  as  mass  of  chemical /mg  lipid.  This  standardization 
method  is  not  very  common  in  apphed  monitoring  programs  and  data  expressed  in  this 
manner  may  not  be  directly  apphcable  to  data  generated  in  other  programs. 

Variance  due  to  age/size  differences  can  be  addressed  in  two  manners.  If  sampling  from 
large  populations  where  a  wide  range  of  sizes  of  individuals  are  present,  a  spectrum  of 
different  sized  (aged)  in  the  sampling  group  can  be  included  so  that  resultant  sampling 
statistics  will  represent  variance  across  the  population.  There  may  be  cases  when  it  is  known 
or  suspected  a  priori  that  older  individuals  will  likely  have  the  highest  concentrations  of  the 
chemicals  of  interest,  and  sampling  effort  can  therefore  be  focussed  upon  that  group.  An 
alternative  method  to  accoimt  for  this  source  of  variance  is  to  use  the  data  generated  for  the 
spectrum  of  ages  to  determine  the  mathematical  relationship  between  contaminant 
concentration  and  age  or  body  size  Qength  or  weight)  across  the  samples  and  then  determine 
predicted  concentrations  for  a  chosen  standard  sized  organism,  e.g.  a  1  kg  fish.  All 
subsequent  comparisons  for  between-group  differences  are  then  made  on  the  basis  of  the 
common  sized  organism.  A  less  costly  alternative,  but  one  which  may  miss  age/size  related 
differences  in  tissue  concentrations  of  the  chemicals  of  interest  is  to  only  analy2e  fish  of 
similar  sizes. 


ANALYTICAL  CONSmERATIONS 

Standardized  methods  for  the  analysis  of  inorganic  and  organic  chemicals  in  biological  tissues 
are  available  (EPA  1993).  More  than  one  method  is  available  for  the  analysis  of  inorganics 
in  tissues.  The  choice  should  be  made  based  upon  the  desired  level  of  detection  and  the 
budget  available  for  analysis.  A  commonly  used  technique  for  all  metals  except  mercury  is 
inductively  coupled  plasma  emission  spectroscopy  (ICP)  detection  of  metals  in  a  digest  of  the 
sample.  This  method  requires  one  digestion  and  yields  data  on  many  analytes  with  one  pass 
through  the  instrument  detector.  This  information  is  usually  provided  at  a  flat  price  for 
most  any  of  the  metals  in  which  one  might  be  interested.  The  drawback  of  this  method  is 
that  it  is  less  sensitive  than  other  alternatives.  Mercury  is  anal3rzed  from  digests  of  samples 
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by  anhydride  generation  of  cold  mercury  and  analysis  by  atomic  absorption 
spectrophotometry. When  lower  detection  limits  are  desired  for  some  metals  or  there  are  only 
a  few  target  analytes,  flame  or  graphite  furnace  atomic  absorption  spectrophotometry  (AA) 
may  be  used  on  the  sample  digest.  This  method  requires  additional  instrument  setup  for 
each  anal3rte  and  hence  analysis  is  usually  priced  by  the  metaL 

If  lower  detection  limits  are  desired  with  either  method,  the  anal3rtes  may  be 
preconcentrated  before  analysis  with  the  use  of  an  organic  chelator.  This  additional 
preparation  step  adds  to  the  cost  of  the  anal}^  and  is  not  routinely  performed  as  part  of 
most  survey  programs.  It  requires  additional  and  more  sophisticated  laboratory  fadhties, 
including  clean  rooms  or  work  spaces,  which  are  not  found  in  many  routine  service 
laboratories. 
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APPENDIX  E:   REFERENCES  FOR  POTENTIALLY  APPLICABLE  OR  SUITABLY 

ANALOGOUS  STANDARDS 


The  MCP  requires  a  comparison  of  site  concentrations  to  Applicable  or  Suitably  Analogous 
Standards  as  a  component  of  Method  3  Risk  Characterizations.  To  achieve  a  condition  of  No 
Significant  Risk  of  Harm  to  human  health,  two  tests  must  be  met.  First,  the  quantitative 
estimates  of  risk  resulting  &om  the  site  specific  risk  assessment  cannot  exceed  MCP  risk 
management  criterion.  Second,  no  exposure  point  concentration  may  exceed  an  apphcable 
or  suitably  analogous  human  health  standard  (310  CMR  40.0993(7).  Similarly,  a  Method  3 
Environmental  Risk  Characterization  must  include  comparison  of  environmental 
concentrations  to  any  apphcable  or  suitably  analogous  standards  as  well  as  a  site  specific 
evaluation  of  risk.  A  description  of  potentially  Apphcable  or  Suitably  Analogous  Standards 
for  himaan  health  and  environmental  risk  characterization  follows. 


Massachusetts  Maximum  Contaminant  Levels 

The  Massachusetts  Maximum  Contaminant  Levels  (MMCLs)  are  the  Massachusetts  Drinking 
Water  Standards.  The  MMCLs  comprise  the  Massachusetts  MCLs  listed  in  310  CMR  22.00 
and  the  MCLs  set  by  EPA.  DEP/OfBce  of  Research  and  Standards  updates  the  MMCLs 
semiannually  in  Drinking  Water  Standards  &  Gmdelines  for  Chemicals  in  Massachusetts 
Drinking  Water.  Only  the  MMCLs  are  Apphcable  or  Suitably  Analogous  Standards  imder  the 
MCP;  drinking  Water  Guidelines  are  not. 


National  Ambient  Air  Quality  Standards 

EPA  has  promulgated  National  Ambient  Air  Quahty  Standards  (NAAQS)  for  six  pollutants: 
sulfur  oxides,  particulate  matter,  carbon  monoxide,  ozone,  nitrogen  dioxide  and  lead.  The 
primary  and  secondary  standards  are  listed  at  40  CFR  50.00.  National  Primary  Ambient  Air 
Quahty  Standards  are  Apphcable  or  Suitably  Analogous  Standards  for  pubhc  health  under 
the  MCP,  while  the  National  Secondary  Ambient  Air  Quahty  Standards  are  Apphcable  or 
Suitably  Analogous  Standards  for  pubhc  welfare.  Only  a  primary  standard  has  been 
pubhshed  for  carbon  monoxide.  Both  primary  and  secondary  standards  have  been 
promulgated  for  the  remaining  five  pollutants. 
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Massachusetts  Surface  Water  Quality  Standards 

Massachusetts  Siuface  Water  Quality  Standards  are  applicable  to  concentrations  of  oil  and/or 
hazardous  material  in  siuface  water.  These  standards  are  promulgated  at  314  CMR  4.00. 
Massachusetts  Surface  Water  Quahty  Standards  consist  of  nimierical  values  for  dissolved 
o^gen,  temperature,  pH,  fecal  coliform,  soUds,  color  and  tiirbidity,  oil  and  grease,  and  taste 
and  odor.  Narrative  standards  are  set  for  aesthetics,  bottom  pollutants  or  alterations, 
nutrients,  radioactivity  and  toxic  pollutants. 

Of  the  narrative  standards,  the  one  for  toxic  pollutants  is  most  relevant  for  oil  and  hazardous 
material  releases  from  2  IE  sites.    The  text  (314  CMR  4.05(5)(e))  is  as  follows: 

(e)  Toxic  Pollutants  -  All  surface  waters  shall  he  free  from  pollutants  in  concentrations  or 
combinations  that  are  toxic  to  humans,  aquatic  life  or  wildlife.  Where  the  Division 
determines  that  a  specific  pollutant  not  otherwise  listed  in  these  regulations  could 
reasonably  be  expected  to  adversely  effect  existing  or  designated  uses,  the  Division  shall  use 
the  recommended  limit  published  by  EPA  pursuant  to  Section  304  (a)  of  the  Federal  Act 
as  the  allowable  receiving  water  concentration  for  the  affected  waters  unless  a  site  specific 
limit  is  established.  Site-specific  limits,  human  health  risk  levels  and  permit  limits  will 
be  established  in  accordance  with  the  following: 


1.  Site-specific  limits:  Where  recommended  limits  for  a  specific  pollutant  are  not  available 
or  where  they  are  invalid  due  to  site-specific  physical,  chemical  or  biological 
considerations,  the  Division  shall  use  a  site-specific  limit  as  the  allowable  receiving 
water  concentration  of  the  affected  waters.  In  all  cases,  at  a  minimum,  site-specific 
limits  shall  not  exceed  safe  exposure  levels  determined  by  toxicity  testing  using  methods 
approved  by  the  Director. 

PROGRAM/POLICY  NOTE:  This  provision  for  applying  site-specific 
limits  in  lieu  of  designated  surface  water  standards  may  not  apply  to 
MCP  sites,  since  the  standards  are  applied  as  part  of  a  site-specific  risk 
assessment,  and  since  the  Director/Division  of  Water  Pollution  Control 
will  not  he  involved  in  the  review  of  individual  MCP  risk  assessments. 

2.  Human  Health  Risk  Levels:  The  human  health-based  regulation  of  toxic  pollutants 
shall  be  in  accordance  with  guidance  issued  by  the  Department  of  Environmental 
Protection's  Office  of  Research  and  Standards.  The  Division's  goal  shall  be  to  prevent 
all  adverse  health  effects  which  may  result  from  the  ingestion,  inhalation  or  dermal 
contact  with  contaminated  waters  during  their  reasonable  use  as  designated  in  these 
regulations.  When  this  goal  is  not  attainable,  the  guidance  will  specify  acceptable 
excess  lifetime  cancer  risk  levels  for  carcinogens  and  methodology  to  be  used  for  their 
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application.  The  Division  may  also  consider  factors  of  practicability  and  feasibility 
when  deriving  effluent  limitations  from  the  human  health-based  criteria. 

3.  Accumulation  of  Pollutants:  Where  appropriate  the  Division  shall  use  an  additional 
margin  of  safety  when  establishing  water  quality  based  effluent  limits  to  assure  that 
pollutants  do  not  persist  in  the  environment  or  accumulate  in  organisms  to  levels  that 
(a)  are  toxic  to  humans  or  aquatic  life;  or  (b)  result  in  unacceptable  concentrations  in 
edible  portions  of  marketable  fish  or  shellfish  or  for  the  recreational  use  of  fish, 
shellfish  ,  other  aquatic  life  or  wildlife  for  human  consumption. 

4.  Public  Notice:  Where  recommended  limits  or  site-specific  limits  are  used  to  establish 
water  quality  based  effluent  limitations  they  shall  be  documented  and  subject  to  full 
intergovernmental  coordination  and  public  participation  as  set  forth  in  314  CMR  2.00 
"Permit  Procedures". 

In  the  regulations  cited  above,  the  phrase  ""the  Division  shall  use  the  recommended  limit 
published  by  EPA  pursuant  to  Section  304  (a)  of  the  Federal  Acf  means  that  the  EPA 
Ambient  Water  Quahty  Criteria  (AWQC)  are  adopted  as  Massachusetts  Surface  Water  Quahty 
Standards.  The  derivation  of  the  AWQCs  is  documented  in  Quahty  Criteria  for  Water  (EPA 
1986,  with  updates).  Note  that  only  actual  criteria  are  considered  appHcable  standards. 
Quahty  Criteria  for  Water  (EPA  1986)  presents  LOAELs  for  toxics  for  some  substances  for 
which  criteria  could  not  be  developed  due  to  insuf&cient  data.  However,  those  LOAELs  are 
not  considered  apphcable  standards. 

EPA  has  published  criteria  for  both  the  protection  of  aquatic  life  and  for  the  protection  of 
human  health.  Only  the  criteria  for  the  protection  of  aquatic  organisms  are  apphcable 
standards  for  environmental  risk  characterization.  The  criteria  that  are  based  on  drinking 
water  and  fish  consiunption  are  apphcable  standards  for  a  him^ian  health  risk 
characterization. 

There  are  currently  no  limitations  on  the  apphcabihty  of  surface  water  standards  established 
for  the  protection  of  aquatic  life.  Surface  Water  Standards  apply  to  all  surface  water  in  the 
state.   All  surface  water  in  Massachusetts  is  currently  classified  as: 

A  -  pubhc  water  supply 

B  -  fishable/swimmable 

SA  -  saltwater  open  shellfishing 

SB  -  salt  water  restricted  shellfishing 

There  is  no  surface  water  in  the  state  in  which  aquatic  life  is  exphcitly  not  protected.  Thus, 
surface  water  standards  that  protect  aquatic  life  (marine  and  fi*eshwater  Ambient  Water 
Quahty  Criteria)  apply  to  all  surface  water  bodies  in  Massachusetts. 
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Application  of  the  Ambient  Water  Quality  Criteria  for  protection  of  aquatic  life  requires 
consideration  of  two  site-specific  factors:  hardness  and  dissolved  metals.  For  the  purpose  of 
identifying  a  site-specific  Surface  Water  Quality  Standard,  the  listed  Ambient  Water  Quahty 
Criterion  for  a  metal  may  be  adjusted  in  two  waj^.  The  first  is  that  the  hardness-dependent 
criteria  for  metals  should  be  adjusted  for  the  hardness  of  the  surface  water  at  the  site.  The 
second  is  that  dissolved  metals  may  be  evaluated  by  adjusting  the  criteria  for  that  purpose. 

Hardness: 

The  EPA  Ambient  Water  Quality  Criteria  for  cadmium,  chromiimi  HI,  copper,  lead, 
mercury,  nickel,  silver,  and  zinc  are  all  hardness-dependent.  For  a  given  aqueous 
concentration,  toxicity  increases  as  hardness  decreases.  In  general  the  listed  values 
are  based  on  an  assiuned  hardness  of  100  mg/L,  but  hardness  in  Massachusetts  water 
bodies  is  typically  about  25  mg/L.  For  a  standard  to  be  protective  at  a  spedfLc  site 
where  hardness  is  lower  than  100  mg/L,  the  listed  values  should  be  adjusted. 

Dissolved  Metals: 

The  EPA  will  promulgate  new  regulations  for  applying  Ambient  Water  Quahty 
Criteria  to  dissolved  metals  in  the  summer  of  1995. 


Goidjuice  tar  Diapoul  Site  Interim  nnal  PoUcy  WSC/<Nt8-9S-141 

EUt  CbJuvcterixatkMi  M— fhii««t»t«  DEP,  July  1995 


Appendix  E  -  4 


APPENDIX  F 


FRAMEWORK  FOR 
METHOD  1 


if 


APPENDIX  F:   FRAMEWORK  FOR  METHOD  1 


The  following  topics  have  been  identified  for  assessing  the  completeness  of  Method  1  Risk 
Characterization  Reports.  Ten  main  subject  areas  have  been  delineated.  Each  of  these 
topics  should  be  addressed  in  the  risk  characterization.  Depending  upon  site  spedfic 
considerations,  some  areas  may  require  a  more  detailed  discussion  than  others.  This  outline 
has  been  prepared  as  a  simple  guide  to  determine  whether  a  report  has  addressed  the  major 
points  of  a  Method  1  risk  characterization.  It  does  not  substitute  for  a  thorou^  kno^edge 
of  the  MCP  requirements  or  current  risk  assessment  methodologies.  Specific  references  to 
the  Massachusetts  Contingency  Plan  (MCP)  310  CMR  40.0000  and  this  Guidance  for  Disposal 
Site  Risk  Characterization  -  In  Support  of  the  Massachusetts  Contingency  Plan  (Risk 
Assessment  Guidance/RAG)  have  been  provided.  These  references  provide  a  more  detailed 
discussion  of  the  particular  subject  area  under  consideration. 

NOTE:         TTiis  guidance  is  applicable  to  reports  conducted  in  accordance  with  the  1993  MCP  and  the  1996  amendmentM. 


1.   Adequate  Site  Characterization 

*  Have  all  the  impacted  media  been  assessed? 

*  Have  all  the  soiuces  of  contamination  been  identified? 

*  Has  the  extent  of  the  release,  in  each  impacted  media,  been  defined? 

*  Are  the  data  representative  of  site  contaminant  conditions? 

*  Has  a  list  of  contaminants  been  identified  for  the  site?  Are  all  the  chemicals  on  that 
list  considered  to  be  Contaminants  of  Concern  to  be  carried  through  the  risk 
assessment  process?  If  some  chemicals  have  been  eliminated,  what  was  the  basis  for 
their  elimination  and  was  it  proper? 

For  additional  discussion  please  see: 

The  Massachusetts  Contingency  Plan  (MCP)  310  CMR  40.0904  Site  Information  required  for  Risk  Characterization;  and 

the  Guidance  for  Disposal  Site  Risk  Characterization  -  In  Support  of  the  Massachusetts  Contingency  Plan,  Section  1.3  Level  of 

Effort  Appmpriate  to  Action  Tahm,  Section  2.2  Deterntining  the  Nature  aruiExterU  of  Contamiruition  and  Section  Z4Contaminar^ 

of  Concern. 
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2.  Site  Activities  &  Uses 

*  Have  all  current  uses  been  considered  and  evaluated  at  the  site? 

*  Have  the  foreseeable  uses  been  identified  and  evaluated  for  the  site? 

*  Has  the  use  of  Activity  and  Use  Limitations  been  proposed  to  eliminate  any  exposure 
pathways? 

For  additional  information  please  see: 

MCP  310  CMR  40.0923  Identification  of  Site  Activities  and  Uses;  and 
RAG  Section  Zl.  Current  and  Foreseeable  Use. 

3.  Imminent  Hazard  Evaluation 

*  Are  there  conditions  at  the  site  which  may  pose  and  Imminent  Hazard? 

*  Has  the  Imminent  Hazard  risk  characterization  been  properly  conducted? 

*  Is  the  outcome  of  the  Imminent  Hazard  risk  characterization  clearly  stated? 
For  additional  information  please  see: 

MCP  310  CMR  40.0960  Imminent  Hazard  Evaluations;  and 
RAG  Section  10.0  Imminent  Hazard  Evaluations. 

4.  Appropriateness  of  the  Use  of  Method  1 

*  Are  media  other  than  soil  and  groundwater  contaminated  at  the  site? 

*  Does  exposure  to  hiunan  receptors  occur  predominantly  through  contact  with  soil  and 
groimdwater? 

*  Are  hazardous  materials  which  are  known  to  bio-accumulate  present  in  the  top  two 
feet  of  soil? 

*  Do  Method  1  standards  exist  for  all  contaminants  of  concern? 
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For  additional  information  please  see: 

MCP  310  CMR  40.0942  Selection  of  Method  to  Characterize  the  Risk  of  Harm  to  Health,  Public  Welfare  and  the  Environment;  and 
40.0971  Applicability  of  Method  1;  and  RAG  Section  3.1  Restrictions  m  the  Use  of  Method  1  and  Section  5.0  Method  1  unth 
particular  emphasis  on  section  5.1  Introduction,  Section  6.2  Applicability ,  and  Section  6.3  General  Approach. 


5.   Groundwater  &  Soil  Categorization 

*  Has  the  groundwater  at  the  site  been  properly  categorized? 
Does  more  than  one  category  apply  to  the  site? 

NOTEl  GW-3  applies  eveiywhere  in  the  Commonwealth  based  upon  discharge  of  groundwater  to  surface  water. 
GW-2  applies  when  the  average  annual  depth  to  groundwater  is  <15  feet,  and  the  is  an  occupied 
structure  within  30  feet  of  the  contaminated  groundwater.  GW-1  implies  in  areas  At>m^ns>*a^  to  be 
protected  as  drinking  water  resources.  The  specific  criteria  determining  a  GW-1  area  include:  Zone  n 
areas,  Interim  Wellhead  Protection  Areas,  Potentially  Productive  Aquifers,  Zone  A  of  a  Class  A  Smiiace 
Water,  within  500  feet  of  a  private  well  or  500  feet  firom  a  public  sappiy  system. 

*  Has  the  soil  at  the  site  been  property  categorized? 
Is  more  than  one  soil  category  apphcable  at  the  site? 

NO'l'lfil  The  cat^jorization  of  soil  is  based  upon  the  site  use  and  activities.  In  determining  the  expropriate  soil 
categoiy  you  must  consider  the  type  of  receptor  present  (children  v.  adults  only),  the  frequency  of  use 
of  the  site,  the  intensity  of  the  activities  occurring  at  the  site  and  the  accessibilify  of  the  schL 

For  additional  information  please  see: 

MCP  310  CMR  40.0932  Identificaticm  of  Applicable  Groundwater  Categories  and  40.0933  Identifioatim  of  Applicable  Soil  Categories 
and  Table  40.0933(9)  Soil  Category  Selection  Matrix  •  Human  Exposure  Potential;  and 
RAG  Section  6. 7  Soil  and  Groundwater  Categorization. 


6.   Exposure  Point  Concentrations 

*  Is  it  clear  how  the  soil  exposure  point  concentrations  were  determined? 

MOTE:         The  soil  exposure  point  concentrations  should  only  include  areas  which  are  contaminated.    Hot  spot 
areas  should  be  addressed  as  separate  exposure  point  concentrations. 

*  Is  it  clear  how  the  groimdwater  exposure  point  concentrations  were  determined? 

hlOTE:         Each  monitoring  well  should  be  considered  a  separate  exposure  point.  Data  for  each  individnal  widl  may 
be  averaged  over  reasonable  time  periods. 
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*     Have  Hot  Spots  been  identified?    Is  the  report  clear  on  how  the  Hot  Spots  were 
identified  and  delineated? 

For  additional  information  please  see: 

MCP  310  CMR  40.0926  Identification  of  Exposure  Point  Concentrations  and  40.0973(3)  Method  1  Risk  Characterization;  and 
RAG  Section  5.9  Identification  of  Exposure  Points. 


7.   Background  Concentratioiis 

*  Has  the  Risk  Assessment  identified  "background  levels"  of  oil  or  hazardous  materials 
at  this  location? 

*  Have  the  levels  been  accurately  established  and  documented  in  the  report? 

*  Were  background  samples  collected  in  area  separate  from  this  release  or  any  other 
release? 

*  If  Hterature  values  were  cited,  were  adequate  references  provided  for  the  background 
data? 

*  Was  the  comparison  between  site  data  and  backgroimd  concentrations  conducted 
appropriately?  | 

For  additional  information  please  see: 

MCP  310  CMR  40.0006  Terminology,  Definitions  and  Acronyms,  40.0904(2Xb)  Extent  of  Release  and 
RAG  Section  2.3  Background,  2.4.4  Contaminants  of  Concern  -  Background. 


8.   Identification  of  Method  1  Standards 

*     Does  the  report  identify  the  correct  Method  1  Standards? 
For  additional  information  please  see: 

MCP  310  CMR  40.0974  Identification  of  Applicable  Groundwater  Standards  in  Method  1  and  40.0976  Identification  ofAfpUcable 
Soil  Standards  in  Method  1;  and  RAG  Section  6.8  Identification  of  Applicable  Method  1  Soil  and  Groundwater  Standards, 
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9.  Evaluation  of  Risk  of  Harm  to  Safety  &  the  Enviromnent 

*  Are  there  conditions  at  the  site  which  might  pose  a  risk  to  safety? 

*  Do  conditions  at  the  site  warraat  a  separate  Method  3  Ecological  Risk  Evaluation? 

For  additional  information  please  see: 

MCP  310  CMR  40.0960  Characterization  of  Risk  to  Safety,  40.0942(1)  Selection  of  Method  to  Characterize  the  Risk  of  Harm  to 
Health,  Public  Welfare  and  the  Environment  and  40. 0996  Method  3  Environmental  Risk  Characterization;  and  RAG  Section  6.11 
Characterizing  Safety  Risks,  Section  4.0  Characterization  of  Risk  of  Harm  to  Safety,  Section  9.0  Enxnrxmmental  Risk 
Characterization. 

10.  Conclusions 


*  Does  the  report  state  whether  a  condition  of  no  significant  risk  of  harm  to  health, 
safety,  pubhc  welfare  and  the  environment  exists? 

*  Does  the  report  state  whether  there  is  a  need  for  the  use  of  Activity  and  Use 
Limitations  to  maintain  a  condition  of  no  significant  risk? 

For  additional  information  please  see: 

MCP  310  CMR  40.0973(8)  Method  1  Risk  Characterization  and  40.0923(4)  and  (6)  Identification  of  Site  Activities  and  Uses;  and 
RAG  Section  5.12  Drawing  Conclusions  from  a  Method  1  Risk  Characterization  and  Section  6.13  Activity  and  Use  Limitatkma. 
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APPENDIX  G:  FRAMEWORK  FOR  METHOD  2 


The  following  framework  is  presented  to  assist  the  risk  assessor  in  determining  whether  the 
Method  2  Risk  Characterization  report  being  submitted  adequately  addresses  the 
fundamental  points  of  this  approach.  The  Framework  of  Method  1  (Appendix  E)  identifies 
ten  subject  areas  that  should  be  addressed  in  a  Method  1  Risk  Characterization  for 
completeness.  These  topics  are  equally  apphcable  to  a  Method  2  Risk  Characterization. 
When  checking  a  Method  2  Risk  Characterization  for  completeness  the  first  step  should  be 
to  apply  the  criteria  set  forth  in  the  Method  1  Framework.  The  Method  1  Framework 
criteria  include: 


1.  Adequate  Site  Characterization 

2.  Site  Activities  &  Uses 

3.  Imminent  Hazard  Evaluation 

4.  Appropriateness  of  the  Use  of  Method  1 

5.  Groundwater  &  Soil  Categorization 

6.  Exposure  Point  Concentrations 

7.  Background  Concentrations 

8.  Identification  of  Method  1  Standards 

9.  Evaluation  of  Risk  of  Harm  to  Safety  &  the  Environment 

10.  Conclusions 


These  criteria  are  identified  and  discussed  in  the  Framework  for  Method  1  and  thus  are  only 
summarized  here.  In  addition  to  the  Method  1  Framework  there  are  particular  criteria 
which  must  be  addressed  when  Method  2  is  used.  These  topics  are  identified  and  discussed 
briefly  below.  It  is  important  to  remember  that  this  outline  has  been  prepared  as  a  simple 
guide  to  determine  whether  a  report  has  addressed  the  msgor  points  of  a  Method  2  Risk 
Characterization.  It  does  not  substitute  for  a  thorough  knowledge  of  the  MCP  requirements 
or  ciurent  risk  assessment  methodologies.  Specific  References  to  the  Massachusetts 
Contingency  Plan  (MCP)  310  CMR  40.0000  and  this  Guidance  for  Disposal  Site  Risk 
Characterization  -  In  Support  of  the  Massachusetts  Contingency  Plan  (Risk  Assessment 
Guidance/  RAG). 
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1.  Derivation  of  Additional  Standards 

*  Is  there  a  Method  1  Standard  available  for  the  selected  contaminant  of  concern? 

*  Have  the  equations  and  exposure  assumptions  promulgated  in  the  MCP  been  utilized 
to  develop  additional  standards? 

*  Have  all  supporting  references  and  outside  sources  clearly  provided? 
For  additional  discussion  please  see: 

The  Massachusetts  Contingency  Plan  (MCP)  310  CMR  40.0983  Derivation  of  Additional  Method  1  groundwater  Standards  far  Use 
in  Method  2  and  40.0984  Derivation  of  Additional  Method  1  Soil  Standards  for  Use  in  Method  2,  and  the  RAG  Section  &3 
Derivation  of  Additional  Method  1  Standards. 

2.  Modification  of  Existing  Method  1  Soil  Standards 

*  Have  the  Method  1  Soil  Standards  which  were  modified  been  based  upon  the  leaching 
component,  and  not  upon  direct  contact?  Are  the  resvdting  standards  no  greater  than 
the  direct  contact  standards  hsted  in  Table  5  of  the  MCP  310  CMR  40.0985(6)? 

*  Has  a  predictive  leaching  model  been  used  to  modify  the  Method  1  standards? 

*  Has  sufficient  background  information  been  suppUed  on  the  model? 

*  If  laboratory  tests  were  utilized  to  assess  fate  and  transport  considerations,  has 
sufficient  documentation  provided? 

For  additional  discussion  please  see: 

MCP  310  CMR  40.0986  Determination  of  Method  2  Soil  Standards  Considering  Leaching  Potential;  and  RAG  Section  6.4. 
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3.   Modification  of  Existing  Method  1  GW-2  Standards 


*  Has  the  existing  Method  1  Standard  been  modified  to  reflect  site  specific  conditions? 

*  Have  the  steps  taken  (including  use  of  predictive  models)  been  identified  dearly? 
Have  they  been  adequately  documented? 

*  Has  field  data  been  utilized  to  demonstrate  that  no  exposure  is  occiuring  and  thus 
to  eliminate  the  apphcabihty  of  the  Method  1  GW-2  standard? 

*  If  field  data  was  utilized,  has  it  been  suppHed  in  the  report?  Has  it  been  adequately 
documented? 


For  additional  discussion  please  see: 

MCP  310  CMR  40.0986  Determination  of  Method  2  GW-2  Standards;  and  RAG  Section  6.4. 

4.   Modification  of  Existing  Method  1  GW-3  Standards 


*  Has  the  existing  Method  1  Standard  been  modified  to  reflect  existing  site  qvedfic 
conditions? 

*  Have  the  steps  taken  to  reach  that  conclusion  been  clearly  identified  and  documented 
(including  the  use  of  any  predictive  models)? 

*  Has  the  existing  Method  1  Standard  been  determined  to  be  inapphcable  based  upon 
site  specific  conditions?  If  so,  has  this  been  adequately  documented? 


« 


Has  the  field  data  or  model  used  to  reach  this  conclusion  been  identified,  documented 
and  discussed? 


For  additional  discussion  please  see: 

MCP  310  CMR  40.0987  Determination  of  MCP  Method  2  GW-3  Standards;  and  RAG  Section  64. 
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5.   Development  and  Modification  of  Additional  Method  1  Standards 


*  Have  additional  Method  1  Standards  been  developed  in  accordance  with  the  MCP  (see 
above  #1)? 

*  Have  the  additional  Method  1  Standards  developed  been  modified  based  upon  site 
specific  considerations  (see  above  #  2,3  &  4)? 


For  additional  disciission  please  see: 

MCP  310  CMR  40.0983  through  40.0987;  and  RAG  Section  6.0. 

6.   Use  of  Predictive  Models 

*  Was  a  predictive  model  used  to  modify  or  make  inapphcable  the  Method  1  Standards? 

*  Was  the  type  of  model  employed  identified  and  discussed? 

*  Was  sufQcient  information  on  the  model  provided,  so  that  the  modifications  may  be 
evaluated?  y 

For  additional  discussion  please  see: 

MCP  310  CMR  40.0986  through  40.0987;  and  RAG  Section  6.4.1. 
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APPENDIX  H:  METHOD  3  SCOPE  OF  WORK  GUIDANCE 


Suggested  Outline,  Content  and  Format 


This  guidance  is  designed  to  emphasis  the  importance  of  planning  when  using  Method  3  to 
characterize  risk  at  a  disposal  site.  The  Method  3  approach  uses  site  specific  information 
to  characterize  risk.  As  a  result,  each  Method  3  risk  characterization  will  be  somewhat 
unique.  It  is  most  efficient  to  discuss  the  planned  approach  at  the  firont  end  of  the  process 
prior  to  actually  doing  the  risk  characterization.  Placing  the  emphasis  on  planning  early  in 
the  process  should  aid  in  providing  higher  quahty  risk  characterizations  and  be  less  costly 
and  more  time  efiident. 

The  Scope  of  Work  should  seek  to  provide  as  much  information  as  possible.  The  Scope 
should  clearly  identify  certain  activities  such  categorizing  soil  and  groundwater  and 
identifying  current  and  reasonably  foreseeable  use  at  the  disposal  site  and  the  surrounding 
area.  Whenever  it  is  possible  to  provide  information  up  fi*ont  it  should  be  done.  There  may 
be  some  activities  which  will  only  be  discussed  in  the  Scope  of  Work,  and  not  actually 
performed  imtil  the  risk  assessment  itself  is  done.  These  proposed  activities  include  such 
things  activities  as  providing  toxicity  profiles  or  actually  conducting  the  risk  characterization. 
The  planned  approach  for  those  activities  should  be  clearly  described. 

This  docimient  is  designed  to  be  an  outline  and  should  be  used  in  conjunction  with  the 
Massachusetts  Contingency  Plan  (MCP)  310  CMR  40.0000,  the  Guidance  for  Disposal  Site 
Risk  Characterization  -  In  Support  of  the  Massachusetts  Contingency  PZo/i,  and  current 
accepted  risk  assessment  practices. 
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I.    PRELIMINARY  STEPS 


A.  Identify  Current  &  Reasonably  Foreseeable  Use  of  the  Site 

The  Scope  of  Work  should  identify  the  current  and  reasonably  foreseeable  uses  of  the 
site  and  the  surrounding  area.  If  the  use  of  an  Activity  and  Use  Limitation  (AUL)  is 
planned,  to  lock  in  a  current  use  this  should  be  discussed.  It  is  important  to 
remember  that  AULs  can  not  be  utilized  to  limit  current  e^)0sure8,  therefore,  the 
Scope  should  clearly  indicate  which  exposure  scenarios  reflect  current  potential 
exposures,  and  which  represent  futiu'e  conditions. 

B.  Categorize  Soil  &  Groundwater 

The  soil  and  groundwater  at  the  site  should  be  categorized  in  accordance  with  310 
CMR  40.0930.  This  is  required  for  Method  3  Risk  Characterizations  (310  CMR 
40.0993(2)). 

C.  Establish  Backgroimd 

The  Scope  of  Work  should  identify  how  background  values  will  be  established  for  the 
disposal  site.  This  may  include  actual  environmental  data  collected  in  the  vidnity  or 
the  site,  Backgroimd  values  published  by  DEP,  or,  as  a  last  resort,  background  values 
published  in  the  hteratiu-e. 


n.  Hazard  Identification 


A  Identify  Contaminants  of  Concern 

The  Scope  of  Work  should  contain  a  list  of  Contaminants  of  Concern  (CCXD).  The 
Scope  should  identify  any  contaminants  at  the  site  which  will  not  be  carried  through 
the  risk  assessment  process  and  include  the  rationale  for  eliminating  these 
contaminants.  If  the  final  list  is  not  yet  available,  the  Scope  should  include  a 
tentative  list  including  all  the  contaminants  detected  at  the  site. 

B.   Toxicity  Profiles 

A  Toxicity  Profile  describes  the  potential  human  health  effects  posed  by  the 
contaminant.  Toxicity  Profiles  should  be  prepared  for  each  COC  identified  at  the  site. 
In  the  case  where  a  Method  1  Standard  exists  for  the  contaminant,  it  is  not  neoessaiy 
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to  prepare  a  full  Toxicity  Profile,  a  Descriptive  Summary  of  the  health  effects  is 
sufQcient.  The  Scope  of  Work  should  identify  which  contaminants  will  require 
toxicity  profiles  and  which  will  be  discussed  through  the  use  of  Descriptive 
Svimmaries. 

C.  Identify  Applicable  or  Suitably  Analogous  Standards 

The  Scope  of  Work  should  identify  what  standards  will  be  considered  apphcable  or 
suitably  analogous.  Each  individual  standard  need  not  be  listed,  but  the  category 
should  be  clearly  identified.  For  example,  the  Massachusetts  Drinking  Water  QuaUty 
Standards  promulgated  in  310  CMR  22.00  would  be  considered  applicable  to  all 
category  GW-1  areas.  (  Remember,  the  Method  1  Standards  are  not  considered 
Apphcable  or  Suitably  Analogous  Pubhc  Health  Standards.) 


m.       Dose-Response  Assessment 


The  Dose-Response  Assessment  is  the  portion  of  the  report  which  discusses  the  observed 
effects  in  humans  and  animals  associated  with  exposiu-es  to  the  COC.  The  dose-response 
section  of  the  Scope  should  discuss  both  threshold  (non-cancer)  and  non-threshold 
(cancer)  effects.  The  Scope  should  clearly  state  what  soiu-ces  will  be  used  to  identify 
dose-response  information.  The  primary  so\u*ces  for  this  information  are  the  Integrated 
Risk  Information  System  (IRIS)  and  the  Health  Elffects  Assessment  Summary  Tables 
(HEAST).  These  sources  should  be  utilized  when  the  information  needed  is  available 
there,  otherwise  the  Scope  should  identify  all  sources  which  will  be  accessed. 


IV.       Exposure  Assessment 


A.  Exposure  Profiles 

An  exposure  profile  identifies  how  exposures  may  occur  at  a  disposal  site.  The  Scope 
of  Work  should  contain  a  narrative  description  of  each  exposure  profile  for  the 
disposal  site.  In  addition,  the  information  in  the  narrative  should  be  summarized  in 
tables  for  easy  reference.  The  exposure  profiles  should  clearly  identify  all  potential: 


1.  human  receptors; 

2.  exposure  points  for  each  receptor 

3.  exposiu-e  routes 

4.  exposure  pathways 
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An  narrative  example  of  an  exposure  profile  is  described  in  Table  H-1. 


TABLE  H-1 


A  disposal  site  bas  been  adequately  cbaracterized  and  found  to  bave  s\n*ficial  soil 
contamination  with  lead  and  polycyclic  aromatic  hydrocarbons  (PAHs).   The  site  is 
a  residential  area.    The  potential  receptors  at  the  site  are  children  and  adults 
hving  at  the  site.   The  exposure  points  are  the  yards  of  the  property.   The 
exposure  routes  include:  direct  contact  with  contaminated  soil,  ingestion  of  soil  and 
inhalation  of  fugitive  dust. 


A  summary  of  the  same  exposure  profile  information  in  tabular  form  is  presented  in 
Table  H-2. 

TABLE  H-2 
Exposure  Profile  Summary  Table 


j        RECEPTOR 

EXPOSURE 
POINT 

EXPOSURE 
ROUTE 

Child  (age  1-6) 

Residential  Yard 

Soil  Dermal  Contact 

Soil  Ingestion 

Inhalation  of  Fugitive  Dust 

Adult 



Residential  Yard 

Soil  Dermal  Contact 

Soil  Ingestion 

Inhalation  of  Fugitive  Dust 

B.  Exposure  Assumptions 

The  Scope  of  Work  should  identify  the  exposure  assumptions  which  will  be  made  in 
the  risk  assessment.  The  exposure  assumptions  made  should  be  realistic  and  health 
protective,  based  upon  current  and  reasonably  foreseeable  conditions.  In  some  cases 
the  risk  assessor  may  want  to  evaluate  a  worst  case  exposure  scenario,  as  a  screening 
process.  For  example,  assimae  that  the  industrial  property  was  a  residential  property, 
if  the  risk  assessment  demonstrates  a  level  of  no  significant  risk,  even  if  the  property 
was  later  developed  as  residential,  the  risk  assessment  would  be  apphcable.    If  this 
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i 


worst  case  screening  approach  is  being  conducted,  the  Scope  of  Work  should  dearly 
state  that  and  provide  the  rationale. 

C.  Quantitative  Estimates  of  Exposure 

After  the  Scope  of  Work  has  described  the  exposure  profiles  for  the  disposal  site,  the 
potential  exposures  to  the  receptors  must  be  quantified.  The  Scope  should  identify 
the  exposure  factors  which  will  be  used  to  estimate  the  dose  of  oil  or  hazardous 
material  experienced  by  a  potential  receptor.   These  factors  include: 

*  Concentration  of  oil  or  hazardoiis  material 

*  Body  Weight 

*  Frequency  of  Exposure 

*  Duration  of  the  Exposure  Event 

*  Duration  of  the  Exposure  Period 

*  Relative  Absorption  Factor 

*  Averaging  Period 

*  Units  Conversion  Factors 


The  equations  to  be  used  to  calculate  average  daily  exposures  &om  contamination  in 
air  and  average  daily  doses  from  contamination  in  all  other  media  should  be  provided 
in  the  Scope. 

D.  Exposure  Point  Concentrations 

The  Scope  of  Work  should  identify  how  exposure  point  concentrations  (EPCs)  will  be 
calculated.  If  the  actual  EPCs  are  listed  in  the  Scope,  suf&dent  detail  should  be 
provided  so  that  it  is  clear  as  to  how  the  EPCs  were  calculated. 


V.  Risk  Characterization 


A.   Non-Cancer  Risk 

The  Scope  of  Work  should  state  that  for  each  human  receptor  identified  cumulative 
non-cancer  risks  shall  be  calculated  and  compared  to  a  cumxilative  non-cancer  risk 
limit,  which  is  a  Hazard  Index  equal  to  one.  The  Scope  of  Work  should  state  whether 
Hazard  Indices  will  be  calculated  based  upon  a  particular  chemicals'  mechanism  of 
action  and/or  target  organ(s). 
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B.  Cancer  Risk 

The  Scope  of  Work  should  state  that  for  each  human  receptor  identified  cumulative 
cancer  risks  shall  he  calculated  and  compared  to  a  cumulative  cancer  risk  limit  of  one- 
in-one  hundred  thousand. 

C.  Applicahle  or  Suitably  Analogous  Standards 

The  Scope  should  identify  any  apphcable  or  sidtably  analogous  standards  which 
exposure  point  concentrations  will  be  compared  to. 

D.  Simamary  Tables 

The  Scope  must  should  state  that  a  clear  summary  of  all  Hazard  Indices  and 
Cumulative  Cancer  Risks  for  each  receptor  group  for  both  current  and  reasonably 
foreseeable  uses  will  be  presented  in  the  Risk  Assessment  Report. 


VL       Uncertainty  Analysis 


The  Scope  of  Work  should  identify  the  imcertainties  in  the  risk  assessment  which  will 
be  discussed.  The  types  of  imcertainties  to  be  discussed  should  be  identified.  Some 
typical  areas  of  uncertainty  encountered  in  the  risk  assessment  process  include: 

*  adequacy  of  the  site  characterization 

*  adequacy  of  the  sampling  plan 

*  quality  of  the  analytical  data 

*  accuracy  of  any  modeling 

*  accuracy  of  the  assumptions  concerning  fi*equency,  duration  and  magnitude  of 
exposures 

*  availabihty  and  accuracy  of  the  toxicity  data 

*  treatment  of  available  anal3rtical  data 

*  accuracy  of  any  probabilistic  analysis  used 


ii 
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Vn.      Shortcuts 


The  Scope  of  Work  should  clearly  state  when  any  streamline  approaches  are  being  taken. 
When  for  example,  a  worst  case  scenario  is  used  to  screen  out  any  potential  exposiu*es 
this  should  be  identified.  Another  commonly  used  shortcut  is  the  use  of  the  Risk 
Assessment  Shortform  -  Residential  Scenario.  The  Shortform  allows  the  risk  assessor  to 
conduct  a  Method  3  Risk  Assessment,  without  prei)aring  all  the  site  specific  exposiu-e 
information.  The  default  assumptions  for  a  typical  residential  site  are  provided  in  the 
Shortform. 


Vm.    Public  Welfare  Risk  Characterization 


The  scope  of  Work  should  state  that  the  risk  of  harm  to  pubHc  welfare  posed  by  the 
disposal  site  will  be  evaluated.  The  Scope  may  contain  such  factors  as  deemed 
appropriate  to  evaluate  this  potential  harm,  such  as  the  presence  of  nuisance  conditions. 


DL       Characterization  of  Risk  to  Safety 


The  Scope  of  Work  should  state  that  the  risk  of  harm  to  safety  will  be  characterized. 
The  Scope  should  identify  any  apphcable  or  suitably  analogous  safety  standards. 

X.  Environmental  Risk  Characterization 


The  Scope  of  Work  should  state  that  an  Environmental  Risk  Characterization  will  be 
conducted.  The  extent  of  information  provided  in  the  Scope  will  depend  upon  the  site 
specific  conditions.  The  reader  is  referred  to  the  Method  3  Environmental  Risk 
Characterization  Guidance  found  in  Section  9.0  for  additional  guidance  on  the  initial 
scoping  of  an  environmental  risk  characterization. 


XI.        Conclusions 


The  Scope  of  Work  should  state  that  the  risk  assessment  report  will  contain  a  section 
concluding  whether  or  not  a  condition  of  no  significant  risk  of  harm  to  human  health, 
safety,  pubhc  welfare  or  the  environment  exists. 
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INDEX 


Absorption vii,  2^1,  4-2,  7-4,  7-5,  7-12—14,  7-32,  7-37-40,  7-43,  7-49 

7-64—72,  7-86—88,  A-7— 9,  B-2,  B-35— 37,  D-6,  H-5 

AccesBibiUty 2-11,  2-12,  2-13,  &.7,  F-3 

Activity  and  Use  Limitation  (AUL)    2-3—7,  2-11,  2-12,  2-29,  3-10,  7-25,  H-2 

ADD    See  'Average  Daily  Dose" 

ADE See  "Av««ge  Daily  Expomire" 

Adequate  site  characterization F-1,  G-1 

Adhered  Mass  (AF) 7-65 

Ad;ilt(s)    2-12,  2-13,  5-7,  7-27,  7-28,  7-34—36,  7-73,  7-74,  10^  A-11 

B-3,  B4,  B-8  ,  B-9,  B-25,  B-26,  F-3,  H-4 

AF See  "Adhered  Mass" 

Allowable  Threshold  Concentration  (ATC)   7-7 

Ambient  Water  Quality  Criteria  (AWQC) 7-9,  B-14,  E-3,  E-4 

Analytical  methods iv,  2-14—18,  2-21,  2-31,  242,  5-15—17,  D-1 

Selection  of hr,  2-14,  2-17 

AP See  "Averaging  Period" 

^plicability  of  Method See  "Risk  Characterization  Meth<ids" 

^plicable  or  suitabfy  analogous  standards viii,  xii,  2-7,  2-62,  4-3,  7-57,  £-1,  H-3,  H-6 

Aquifer 2-7-10,  2-39,  5-10,  6-10 

ATC See  "ADowable  Threshold  Concentraticm" 

AUL See  "Activity  and  Use  Limitati<m" 

Average  Daily  Dose  (ADD) 7-38—40,  743—45,  7-62—68,  7-70—74,  7-77,  7-80 

Average  Daily  Exposure  (ADE)    7-38,  7-39,  7-63,  7-67,  7-70 

Averaging  Period  (AP)    7-40,  7-43,  7-44,  7-63-68,  7-71—75,  H-5 

AWQC See  "Ambient  Water  Quality  Criteria' 

B 

Background    iii— v,  x,  1-2,  1-5,  24,  2-14,  2-19,  2-21,  2-23,  2-24—57, 

34,  3-10,  5-3,  5-6,  5-18,  5-20,  6-1,  6-3,  6-8,  6-10, 
6-12,  6-13,  6-15,  7-26,  10-5,  B-1,  B-20,  F4,  G-1,  G-2,  H-2 

Bathing 7-68,  B-2,  B-24,  B-26 

BBS See  "Bull^in  Board  System' 

Bioavailability 7-39,  7-73,  A-« 

Biota 10-13,  D-1— 4 

Body  Wei^t  (BW)    7-8,  7-36,  7-38—42,  7-64—68,  7-71—75,  B-2,  B-4,  B-25,  H^ 

Bookstore See  "State  Bookstore" 

Building(s) 2-11-13,  242,  243,  2-59,  34,  4-2,  5-8,  5-21,  6-9,  6-12 

6-15,  7-30,  7-57-59,  A-2,  A-9 
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Bulletin  Board  System  (BBS) iii,  7-17,  8-1,  9-1,  C-1 

Bureau  of  Resource  Protection  (BRP) ii 

Bureau  of  Waste  Site  Cleanup  (BWSC)    i,  iii,  3-3,  3-10,  7-21,  7-54,  7-56,  7-57,  7-€*-*71,  7-87,  B-15 

BW    See  "Body  Weight" 

BWSC    See  "Bureau  of  Waste  Site  Cleanup" 
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CJ21E See  X;iu4>ter  21E" 

CAG See  "Carcinogen  Assessment  Cbmip" 

Cancer  Slope  Factor  (CSF)    7-10-*  14,  7-17,  7-18,  7-20,  7-23,  7-37,  7-62,  7-79,  7-80,  A-2 

Carcinogen  Assessment  Group  (CAG) 7-10,  A-2 

CAS See  "Chemical  Abstnet  Servioe" 

Categorization  of  Groundwater    See  "Groundwater,  Categorization" 

Categorization  of  Soil See  "Soil,  Categorization" 

Chapter  21E  (M.GX.  cJ21E)    i,  iii,  ix,  x,  1-2,  2-1,  2-25,  2-27,  2.32-»34,  2-43,  2-50 

2-59,  3-1,  3-3,  4-2,  5-3,  5-6,  6-1,  7-1,  7-4,  7-16 
7-17,  7-20,  7-26,  7-27,  7-32,  7-39,  7-46,  7-62 

Chemical  Abstract  Service  (CAS) 5-8-»ll,  7-23 

Child(ren) 2-2,  2-3,  2-12,  2-13,  5-7,  7-7,  7-8,  7-12,  7-27,  7-28 

7-31,  7-34-36,  7-41,  7-73—75,  10-2-7,  B-3,  B-4,  B-8,  B-9 

B-12,  B.26,  F-3,  H-4 

Class  A  Surface  Water  Body   2-8 

Cleaning 1-2 

COC See  "Contaminants  of  Concern" 

Comments  on  this  Document i 

Computer  Bulletin  Board See  "Bulletin  Board  System" 

Confidence  level 2-49—63,  7-21,  7-23 

Construction  worker 7-41,  B-2,  B-8,  B-38 

Contaminants  of  Concern  (COC) v,  vi,  viii,  xiii,  2-17,  2-30,  2-31,  2-47,  2-54—63 

3-2,  3-3,  5-3,  5-6,  7-3,  7-4,  7-12,  7-16,  7-37,  7-58 
10-6,  F-1,  F-2,  F-4,  G.2,  H-2,  H-3 

Cooking 7-68 

CSF See  "Cancer  Slope  Factor" 

Cumulative  Excess  Lifetime  Cancer  Risk   See  "Cumulative  Risk,  Cancer  RiskT 

Cumulative  Hazard  Index   See  "Cumulative  Risk,  Noncanoer  Risk" 

Cumulative  Risk 1-3,  1-4,  3-2,  3-3,  3-8,  3-9,  7-36,  7-64,  7-84 

Cancer  Risk    7-80—82 

Noncancer  Risk 3-3,  3-9,  7-77-79,  7-82,  A-2 

Cumulative  Receptor  Cancer  Risk    See  "Cumulative  Risk,  Cancer  Risk" 

Simulative  Receptor  Noncancer  Risk See  "Cumulative  Risk,  Noncanoer  RiskT 

Current  Use See  "Site  Use,  CurrenT 

Cyanide 5-5,  10-2,  10-4,  10-7 
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Data 

Lognormal  distributions 2-50 

Normal  distributions   2-49  2-50 

Q»»ality iv,  2-14—21,  2-54 

Sets    2-17,  2-25,  2-45—52,  2-58,  6-7 

ODD    B-23,  B-29 

DDE    B-23,  B-29 

DDT    B-23,  B-29,  D-2 

Default  assumptions xii,  7-62,  Appendix  B,  H-7 

Depth  to  Groundwater    See  ^Groandwater,  Depth-to-" 

Dermal 

Absorption    7.12,  7-14,  7-32,  7-49,  7-64—71,  7-86,  A.9 

Contact 5-10,  7-5,  7-14,  7-34,  7-39,  7-42,  7-64-73,  10-3,  10-5,  B-37,  E-2,  H-4 

Dioxins/Furans vii,  7-13,  7-15,  7-17,  7-87,  7-88 

Discharges vii,  2-8,  2-11,  3-5,  5-5,  5-7,  6-2,  6-9,  6-12,  6-13,  7-62.  F-3 

Disposal  site i,  v,  x,  xi,  1-2,  1-5,  2-1—3,  2-5—8,  2-11,  2-12 

2-14,  2-19,  2-21,  2-24—31,  2-38-40,  2-42,  2-46,  2-54,  2-56,  2-57 

2-59—61,  2-63,  3-1,  3-6—9,  4-1—3,  5-3—5,  6-1—5,  6-10—12,  7-2,  7-4 

7-12,  7-18,  7-22,  7-24,  7-25—28,  7-30,  7-45,  7-46,  7-62,  7-63 

7-84,  10-1,  10-4,  10-13,  B-35,  F-1,  G-l,  H-1— 5,  H-7 

Dissolved  metals E-3,  E-4 

Division  of  Air  Quality  Control  (DAQC) B-11 

Division  of  Water  Supply  (DWS)   2-9 

Division  of  Water  Pollution  Control  (DWPC)    6-,12,  E-2 

Dose    vii,  viii,  2-61,  5-5,  7-1—10,  7-12-14,  7-17,  7-18,  7-20,  7-21 

7-23,  7-33,  7-36—41,  7-43—45,  7-62—83,  7-86.  10-9,  10-11—12,  B-1.  B-12 

B-13,  B-16,  B-24,  B-26,  B-35.  H-3,  H-5 

Dose-Response   viii,  2-61.  7-4,  7-5,  7-13,  7-45,  7-82,  10-9 

Drinking  water  ingestion 7-9,  7-42,  7-68—71,  A-11,  B-2,  B-9 

E 

Ecological  Risk  Assessment See  "ESnvironnwntal  Risk  Assessment" 

ED See  "Ebqxwure  Duratjon" 

EF See  "EbqKMure  Frequra^ 

ELCR See  "Excess  Lifetime  Cancer  Risk" 

Endangered  species 7-26 

Environmental  Protection  Agency  (U.S.) i,  2-14,  2-16—18,  2-24,  2-39,  2-53—55.  2-58.  2-60,  2-61,  2-67 

6-10,  6-15,  7-4.  7-6,  7-7,  7-11,  7-16,  7-17,  7-37,  7-48 

7-60,  7-66,  7-77,  7-79,  7-80,  7-88,  10-6,  10-12,  B-3.  B-9— 17 

B-20— 24,  B-26,  B-36.  D-6,  D-8,  E-1— 4 

Environmental  Restriction 2-5—7,  2-10 
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Environmental  Risk  Assessment    ii,  viii,  zi,  2-1,  2-54,  3-3,  3-10,  7-86,  9-1 

A-1,  E-l,  E.3,  F-5,  H-7 

EP See  "Exposure  Period" 

EPA See  "Elnvironmental  Protection  Agency" 

EPC See  "Exposure  Point  Concentration" 

Excess  Lifetime  Cancer  Risk 3-2,  3-9,  7-2,  7-79-»81,  10-3,  10-10,  10-11,  E-2 

Elxposure 

Assessment vii,  viii,  2-14,  2-20,  2-21,  7-1,  7-22-»26,  7-33,  7-34,  7-37 

7-50,  7-75,  7-82,  10-6,  B-1,  B-12,  B-13,  B-26,  C-1,  H-3 

Duration  (ED) 2-67,  7-5,  7-42,  7-44  7-63—65,  7-67,  7-68,  7-71—73,  7-86,  10-7,  10-12 

Frequency  (EF) 7-34,  7-35,  7-41,  7-42,  7-59,  7-63—65,  7-67,  7-68,  7-71—73,  B-2,  B-38 

Pathway 6-12,  5-14,  6-12,  7-32,  7-37,  7-40,  7-43,  7-79,  7-80,  7-84 

Period  (EP) 7-40,  7-43-45,  7-49,  7-63—68,  7-71-75,  7-77,  10-1,  10-8,  10-10 

B-8,  B-13,  B-26,  H-5 

Point    1-4,  2-17,  2-19—24,  2-40,  2-62,  2-64,  2-66,  3-6,  6-2,  6-4 

6-8,  6-13.  6-14,  5-3—5,  5-12-15,  5-18-20,  7-2,  7-25,  7-28,  7-3(K-32 

7-34,  7-37,  7-40,  7-41,  7-44-52,  7-54-59,  7-61-65,  7-67,  7-68,  7-75 

7-77,  7-80,  7-82,  7-83,  10-8,  10-9,  E-l,  F-3,  F-4,  G-l 

H-4,  H-5,  H-6 

Exposure  Point  Concentration  (EPC) 2-21—24,  2-40,  2-66,  5-14,  5-15,  7-37,  7-40,  7-41,  7-45-47,  7-49 

7-52,  7-54—59,  7-61,  7-63—65,  7-67,  7-68,  7-77,  7-80,  7-82,  7-84 

10-8,  10-9,  E-l 
Extent  of  Contamination iv,  vi,  2-14,  2-17—24,  2-35,  2-55,  2-56,  5-3—6,  5-13,  7-31,  F-1 

F 

Feasibility    2-27-29,  2-31,  2-32,  7-9,  E-2 

FI    See  "Food  Intake" 

Filtered  samples 7-66 

Fish ii,viii,xii,  7-9,  7-61,  7-62,  7-73,  10-13,  10-14 

A.3,  A-11,  B-2,  B-13— 16,  D-1— 8,  E-3 

Sampling viii,  D-2,  D-1,  D-5,  D-8 

Tissue xii,  7-62 

Food    7-12,  7-32,  7-41,  7-73,  7-86,  A-3,  B-2,  B-13,  B-16,  B-20,  B-37,  D-2 

Food  Intake  (FI) 7-73,  B-13 

Foreseeable  Use See  "Site  Use,  Future" 

Frequency  of  use 2-11,  2-12,  F-3 

Furans See  "Dioxins/Furans" 

Future  Use See  "Site  Use,  Future" 
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Gardening   2-5,  2-12,  7-48,  7-73,  B-16 

Groundwater 

Categorization vi,  2-7-*2-ll,  3-6,  5-6,  6-2,  F-3 

Categories 

GW-1 2-2,  2-7-11.  3-5,  5-6-12,  6-19,  5-21,  6-4,  6-10,  7-64,  7-55 

7-57,  7-81,  F-3,  H-S 

GW.2 2-4,  2-5,  2-7,  2-8,  2-11,  3-5,  5-6-11,  5-21,  6-10,  6-12 

F-3,G-3 

GW.3 2-7,  2-8,  2-11,  3-5,  5-6—11,  5-19,  6-10,  6-12,  6-13,  F-3,  G-3 

Depth-to- 2-4,  2-11,  2-43,  5-21,  6-9,  6-12,  7-26,  7-59,  F-3 

GW-1 See  "Groundwater,  Categories" 

GW.2 See  "Groundwater,  Categories 

GW-3 See  "Groundwater,  Categoric^ 

H 

HA See  "Health  AdvisotT- 

Habttat    D.2 

Hardneaa 2-14,  E-3,  E-4 

Hazard  Identification    vii,  7-1,  7-3,  7-75,  H-2 

Hazard  Index  (HI)    3-3,  3-9,  7-76-79,  7-86,  10-3,  10-11—13,  H-5 

Heahh  Adviaoiy  (HA) 7-8,  7-9 

Health  Effecta  Assessment  Siunmaiy  Tables  (HEAST)    7-7,  7-11,  7-12,  7-17,  7-19—23,  10-12,  B-36,  H-3 

HEAST    See  "Health  Effects  Assessment  Summary  TaUeS 

HI See  "Hazard  Index" 

Homegrown  produce 7-51,  7-52,  7-73,  B-2,  B-16— 23,  B-37,  See  also  "GardmS 

Hotlines 

MCP iii,  2-27,  8-1,  9-1,  CI 

Safe  Drinking  Water   7-8 

Hot  Spot(8)    2-22,  2-23,  2-31,  2-66,  5-3,  5-12—14,  5-21,  7-30,  10-9,  F-3 

Human  Receptor H-5,  H-6 

I 

lARC ^  .    See  "International  Agency  for  Research  on  Canoer" 

ImmaAiatj*  Response  Action  (IRA)    zi,  7-24,  10-1,  10-3 

Imminent  Hazard  (IH) hr,  viii,  xii,  1-3,  5-4,  5-5,  7-59,  10-1—14,  F-2,  G-1 

Imminent  Hazard  Evaluation    viii,  1-3,  5-4,  5-5,  7-59,  10-1—3,  10-5—10,  10-13,  10-14,  F-2,  G-1 

Indoor  Air    2-7,  2-8,  2-11,  2-42,  2-43,  2-67,  3-4,  5-7,  6-2,  6-4 

6-12,  7-29,  7-30,  7-57-61,  A-3 

Indoor  Air  Sampling 3-4,  7-69,  7-60 

Infoline    iii,  1-4,  8-1,  C-1 
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Information,  For  More in 

Ingeetion  Rate  (IR) 7-20,  7-65,  7-74,  B-l,  B-2,  B-8,  B-9 

Inhalation    7-5,  7-6,  7-9,  7-12,  7-23,  7-32,  7-34,  7-39,  7-52,  7-62 

7-64,  7-66—72,  7-77—80,  7-88,  A-3,  A.9,  B-2,  B-24— 26,  3-37,  E-2,  H-4 

Integrated  Risk  Information  Sygtem  (IRIS) 7-6—9,  7-11,  7-12,  7-14,  7-16—23,  10-12,  B-36,  H-3 

Intensity  of  use 2-11, 2-12 

Interim  Wellhead  Protection  Area 2-8—10,  5-21 

International  Agency  for  Research  on  Cancer  (lARC) 7-10,  7-16^  A4 

IR See  Ingestian  Rate^ 

IRA See  "Immediate  Response  Aotion" 

mis See  Integrated  Risk  Inf ormataon  Stystan" 

IWPA See  "Interim  Wellhead  Protectian  Area" 

L 

LADD    See  "Lifetime  Average  DaQsr  IKise" 

LADE    See  "Lifetime  Average  Daily  Ebcpoaare^ 

Lake    2r40 

Leaching    vii,  2-59,  3-5,  5-12,  6-4,  6-6,  6-9,  6-10,  6-12,  G-2 

Lead    v,  2-33,  2-36,  2-59,  2-60,  5-17,  A-2,  B-9,  B-10,  B-21 

B-35,  E-1,  E-4,  H-4 

Licensed  Site  Professional zi,  2-5,  2-6,  2^1,  5^ 

Lifetime  Average  Daily  Dose 7-38,  7-39,  7-43,  7-44,  7-73,  7-74,  7-80 

Lifetime  Average  Daily  Exposure 7-39 

Lognormal  distributions    See  "Data,  Lognormal  disiributiens" 

LSP See  "Licensed  Site  Pmfp— innsr 

M 

MADEP  Infoline See  "lafbiine- 

MADEP/ORS  Computer  Bulletin  Board  System    See  "Bulletin  Board  ^jntem" 

Massachusetts  Contingency  Plan  (MCP)    i,  iii,  iv,  ix— xii,  xiii,  1-1—6,  2-1,  2-2,  2-5—12,  2-14 

2-18,  2-22,  2-26-29,  2-31,  2-56,  2-57,  2-59,  2-60,  ZO,  2-64 

3-1,  3-2,  3-4—9,  4-1-3,  5-1,  5-4,  5-6,  5-8-16,  5-18-21,  6-1—4 

6-8-13,  6-15,  7-1-3,  7-6,  7-11,  7-25,  7-27,  7-33,  7-34,  7-36 

7-57,  7-75-82,  7-84,  10-1—12,  10-13,  10-14,  B-14,  E-1,  E-2,  F-1-5,  G-1-4,  F-1,  G-l,  G-2,  H-1 

Maximum  Contaminant  Level  (MCL) 7-8 

MftTiTniifM  Contaminant  Level  Goal  (MCLG) 7-8 

MCL    See  "Maximum  Contaminaatt  Levri" 

MCLG See  "Maximum  Contaminant  Lewi  Goal" 

MCP    See  "Massachusetts  Contingmej  Plan" 

MCP  Hotline    See  "Hotline*.  MCP" 

MDL    See  "Method  Detection  limit" 

Meat    7-73,  B-2,  B-24 
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Method  1   See  "Risk  Charaoterization  Methods,  Method  1" 

Method  2 See  "Risk  Characterization  Methods,  Method  T 

Method  3 See  "Risk  Characterization  Methods,  Method  3" 

Method  Detection  Limit  (MDL) 2-16,  2-24,  2-55,  7-46,  7-47 

MF    See  "Modifying  Faotoi' 

Migration  pathwE^ 7.28,  7-29,  7-32 

Milk 7-36.  7-73,  8-2,  B-15,  B-16 

Models vii,  6-5-12,  6-15,  7-10,  7-40,  7-48,  7-55,  7-57,  7-58,  7-61 

7-62,  7-71.  7-72,  B-25,  G-2-^ 

Analytical 6-5,  6-6,  7-67 

Mathematical    6-15,  7.^ 

Numerical fr.5— 7,  7-48,  7-67 

Predictiv©   vii,  6-4—8,  7-67,  G-3,  C-4 

Modifying  Factor  (MF)   7.5 

Molecular  Weight  (MW)    7-18,  7.41 

Monitoring  well    5-12,  5-19,  7-54—67,  F-3 

Monte  Carlo 7-36, 1-42,  7-33 

More  Information    b| 

N 

ND    See  "Non-DetecT 

NF  A See  "No  Further  Action* 

No  Further  Action  (NFA)    1-3,  7-55,  A-6 

No  Observable  Adverse  Effects  Level  (NOAEL) 7-5,  7-6,  10-12,  10-13,  A-6 

Normal  distributions See  "Data,  Normal  Distributioiur 

No  Significant  Risk  (NSR) x,  1-1—5.  2-1,  2-3—6,  2-14,  2-26—30,  2-61,  2-63,  3-3,  3-8 

4-1,  5-1,  5-4,  5-5,  5-15,  5-18,  5-20,  5-21,  6-2—4,  6-12,  6-13 
7-22,  7-25,  7-76,  7-82,  7-84,  E-1,  F-5,  H-4,  H-7 

NOAEL   See  "No  Observable  Adverse  Effects  Levd" 

Non-Detect 2-25,  2-34,  5-19,  7-46,  7-47 

Number  of  Samples See  "Sampling  Number  of  Sampled 

P 

PAHs See  "Polycjrolic  Aromatic  Hydrocarbon^ 

Park    7-31,  10-4,  B-9,  B-10 

PCBs See  "Polyohlorinated  BiphenyU" 

Permanent  Solution    1-5,  2-26—28,  2-37,  7-24 

Permeability 7-69,  7-72,  3-26,  B-27 

Playground 7-30,  7-34,  10-2,  10-4,  10-5 

Polyohlorinated  Biphenyls  (PCBs)   7-13,  7-18—20,  10-4,  A-6,  B-33 

Pofycydic  Aromatic  Hydrocarbons  (PAHs) 2-25,  2-32,  2-62,  3-6,  5-15—18,  7-13—18,  7-48,  7-86—88,  B-22,  H-4 

Pond    2-40,  2-59,  3-7 
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Potentdally  productive  aqiiifer 2-8,  2-9,  2-10 

Poultiy B-2,  B-24 

Power    See  "Statistics,  Statistical  Power" 

PPA See  "Potentially  Productive  Aquifer" 

ppb    2-66,  6-9,  7-41 

ppm 5-10,  5-11,  7-41 

PQL See  "Practical  Quantitation  Limit" 

Practical  Quantitation  Limit 2-16,  2-55,  7-47 

Private  water  supply  well 2-8 

Probabilistic  approaches See  "Monte  Carlo" 

Produce See  "Homegrown  Produoe" 

Public  water  supply    2-9,  2-10,  2-26,  5-21,  7-56,  7-67,  E-3 

Public  Way 2-4 

Public  Welfare   i,  viii-»xi,  1-1,  1-2,  2-27,  2-30,  2-60,  3-1,  3-2,  4-1,  5-1,  5-3,  5-4,  6-15, 

6-18,  5-20,  6-1,  7-1,  7-22,  7-84,  8-1,  10-1,  10-14 
A-4,  A-6,  A-9,  A-10,  E-1,  F-3,  F-5,  H-7 

Q 

Questions  about  this  material ii,  iti 


RAF See  "Relative  Absorption  FaotoiT 

Rail  Ri^-of-Way 2-4 

RAO    See  "Response  Action  Outcome" 

RAPS See  "Response  Action  Performance  Standard" 

RC See  "Reportable  Concentration" 

RCGW-l 10-4 

Receptor 1-1,  2-1,  2-3,  2-11—13,  3-8,  3-9,  4-2,  6-1,  7-2,  7-26-28 

7-30-46,  7-62-69,  7-71-73,  7-76—82,  10-6,  10-7,  10-9,  B-14,  B-38,  F-3,  H-3— 6 

Reference  Concentration  (RfC)    7-6,  7-7,  7-9,  7-13,  7-17,  7-37,  7-62,  7-67,  7-70,  7-77 

Reference  Dose  (RID)    7-5,  7-6,  7-8,  7-9,  7-13,  7-17,  7-18,  7-20,  7-23,  7-37 

7-62,  7-76—78,  7-86,  10-11,  10-12 

Regional  Service  Centers iii 

Relative  Absorption  Factor  (RAF)    7-12-14,  7-37,  7-38,  7-40,  7-43,  7-64-68,  7-70,  7-72,  7-73,  B-36,  B-36,  H-6 

Relative  Potency  Vahies    7-18,  7-17 

Release    i,  ix,  x,  1-2,  1-6,  2-21,  2-22,  2-26-27,  2-30-32,  2-48 

2-57,  2-59,  2-63,  3-1,  3-4,  3-7,  4-1,  4-2,  6-4,  5-16,  5-17 
7-7,  7-24,  7-29,  7-46,  10-1,  10-3,  10-4,  10-14,  D-1,  F-1,  F-4 

Remedial  action 1—3,  1-5,  1-6,  2-14,  2-29,  2-31,  7-22,  7-24,  7-26,  10-4 

10-7,  10-9,  10-11 

Remedial  alternative 1-4,  2-28,  7-22,  7-25 

Reportable  Concentration  (RC)    2-63,  10-4 
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Residential  Exposures 7-13,  7-28,  7-83,  7-85,  7-87,  10-5,  B-2,  B-36,  B-38,  H-7 

Residual  contamination 1^,  2-3,  2-4,  2-5,  3-4,  6-20 

Respirable  particulate 7^2 

Respiratory  voliune  (VR) 7-64,  7-67,  7-71,  B-2,  B-9,  B-25 

Response  action iv,  x,  xi,  l-l-»6,  2-6,  2-14,  2-18,  2-27-»31,  2-69,  3-1 

3-3,  3-6—10,  4-1,  6-3,  6-18,  6-20,  6-21,  7-24,  10-1,  10-3 

10-7,  10-10 

Response  Action  Outcome  (RAO) iv,  v,  x,  1-1,  l-3-»6,  2-6,  2-6,  2-27—29,  2-32,  2-37 

3-1,  3-3,  3-6—10,  6-18,  6-20,  10-1,  10-6,  10-7,  10-8,  10-10 

Response  Action  Outcome  Statement x,  1-3,  1-4,  2-28,  3-3,  3-6,  3-7 

Response  Action  Performance  Standard  (RAPS) xi,  1-6,  2-14,  2-18,  2-27,  4-1 

RiC    See  "Reference  Concentration" 

Rfl) See  "Reference  Dose" 

Risk  Characterization  Methods 

^plicability   vii,  6-3,  6-6,  6-2,  F-3 

Selection 6-6,  7-47,  F-3,  F-6 

Method  1    v-viii,  xi— xiii,  1-4,  2-7,  2-23,  2-62,  3-1—10,  4-1,  6-1—21,  6-1-14 

7-4,  7-81,  10-5,  F-1-5,  G-1-4,  H-2,  H-3 

Method  2    v,  vii,  viii,  xi,  xii,  1-4,  2-7,  2-62,  2-64,  3-1-7 

5-3,  6-17,  6-18,  6-20,  6-1-8,  6-12—14,  G-6,  G-1,  G-2,  G-3 

Method  3    v,  vii,  viii,  xi,  xii,  1-3,  1-4,  2-4,  2-7,  2-62 

2-63,  3-1-3,  3-6—10,  6-3,  5-14,  6-18,  6-20,  6-1,  6-2,  6-4 
6-8,  7-1—3,  7-33,  7-34,  7-66,  7-81—83,  7-85,  8-1,  9-1,  10-6 

E-1,  F-6,  H-1,  H-2,  H-5,  H-7 

River 2-39 

Route  of  exposure 7-12,  7-32,  7-64,  7-76,  7-77,  7-80,  B-35 

s 

S-1 See  "Soil,  Categories" 

S-2 See  "Soil,  Categories" 

S-3 See  "Soil,  Categorietf" 

SA See  "Surface  Area" 

Safety    i,  vi— xi,  1-1,  1-2,  2-27,  2-30,  3-1,  3-6,  4-1—3,  6-1 

5-4,  5-18,  5-20,  6-2,  7-1,  7-8,  7-22,  7-84,  10-1,  10-2 
10-12,  10-14,  A-4,  A-6,  A-9,  A-10,  E-3,  F-5,  G-l,  H-7 
Sampling 

Number  of  Samples 2-34,  2-36,  2-37,  2-44,  2-47,  2-61,  2-60,  2-63,  2-56,  2-67 

2-66,  7-46,  7-47,  D-6 

Sample  Size 2-37,  2-45,  2-47—49,  2-51,  2-53,  2-56,  2-58 

Sampling  Frequenqr 7-49 

Sampling  Plans iv,  2-14,  2-21,  7-60 

School   6-7,  7-34,  10-4 

Scope  of  Work    viii,  xii,  H-1— 7 
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Screening viii,  2-15,  2-17—21,  2-31,  2-38—43,  2-58,  2-60,  2452,  3^  3-9 

5-12,  5-14,  5-17,  6-6,  6-7,  7-33,  7-78,  7-79,  7-83,  7-84 

10-6,  10-9.  10-13,  H-4 

Sediment* 2-41,  2-43,  3-7,  7-32,  7-67,  B-12,  B-13 

Selection  of  Method See  "Risk  Charaoterization  Methods" 

Service  Center* See  "Regional  Siervioe  Centers" 

ShortForm 7-13,  7-83,  7-85,  7-87,  B-36,  H-7 

Showering    7-68—71,  7-86,  B-2,  B-24— 26 

Significant  figures v,  2rSi,  2-65,  2-66 

Site  Activities  and  Uses iv,  2-1,  2-2,  2-5,  6-13,  F-2;  P-5 

Site  Conditions 

Current 1-3,  2-4,  7^  7-87,  10-13 

Future    2-5,  7-53,  7-65,  7-S7,  H.2 

Site  Use 

Current  Use(s)    2-1—5,  5-20,  5-21,  7-22,  7-24,  10^  10-14,  H-2 

Future  Vaeiu)    hr,  2-1—2-3,  2-6-8,  2-13,  5-4,  5-6,  5-7,  5-20,  7-22^  7-24 

7-27,  7-34,  7-36,  7-55,  10-1,  10-5,  F-2,  H-1,  H-2,  H.6 

Slope  Factor See  "Cancer  Slope  FaetoiT 

SoU 

Adhered  to  Sldn  (AF) 7-65 

Categorization 2-11,  54,  5-7,  T-i,  G-1 

Categories 

S-1    2-4,  2-11,  2-13,  3-5,  3-10,  5-6,  5-7,  5-10—12,  5-19-21.  6-10,  10-3 

S-2    2-11,  2-13,  3-10,  5-6,  5-7,  5-10-12,  5-19.  5-21 

S-3    2-11,  2-13,  5-6,  5-7,  5-10-12,  5-21,  6-10 

Surfidal 2-35,  2-40,  3-3,  5-7,  10-2,  10-3,  10^,  10-8,  H-4 

State  Bookstore    iti,  7-21,  9-1 

State  House  Bookstore    See  "State  Bookstore" 

Statistics   2-37,  2-38,  2-44—52,  2-67,  D-*,  D-6 

Inferential  Statistics    248,  2-52 

Nonparametric  tests    2-49 

Parametric  tests    249,  2^50 

Statistical  Power 2-37,  2-46,  248—53,  D-l.IM 

Summary  Statistics    2-44—49 

Surface  area 2-9,  2-39,  7-65,  7-72,  7-73,  B-2,  B-3,  B-5— 7,  E-2 

Surface  water vii,  2-8,  2-11,  2-14,  2-35,  2-40,  241,  243,  2-59,  3-2,  3-7 

5-5,  5-7,  6-2,  64,  6-12,  6-13,  7-12,  7-30,  7-61,  7-62 
7-69,  7-71,  7-72,  7-81,  10-8,  B-13,  E-2-^  F-3 

Surfidal  Soil See  "Soil,  Sarficial" 

Swimming    7-62,  B-2,  B-24,  8-26,  B.38 
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Technical  justification xi,  1-6,  2-30,  2^1,  2-58,  2-60 

TEF See  Toxicity  Eqiuralency  Faotor^ 

TEL See  Threshold  Effeeto  Limir 

Tentatively  Identified  Compounds  (TICs) 2-61,  2^  7-47,  7-48 

Threat  of  release    2-59,  4-1,  10-4 

Threshold  EffecU  Limit  (TEL) 7-7 

TICs    See  Tentatively  Identified  Compoand^ 

Total  Petroleum  Hydrocarbons    vi,  2-61,  3-6,  5-15,  5-16,  5-17,  6-18,  7-13,  7-20,  7-21,  7-87 

Toxicity  Equivalency  Factors  (TEFs) 7-15,  7-87 

TPH    See  Total  Petroleum  Hydraoarbon" 

u 

UCLs See  "Upper  GoncentratMn  Limits' 

UF See  "Uncertainty  Factor" 

Uncertainty vi,  vii,  2-45,  2-47,  2-48,  2-62,  5-21,  6-6-^  7-47,  7-55 

7-61,  7-76,  7-80,  7-82,  7-83,  10-11,  10-12,  A-5,  A-10,  B-26,  B-36,  H.6 

Analysis    vi,  vii,  5-21,  6-6,  6-7,  7-1,  7-2,  7-8^  7-83»  H.6 

Factor(s) 7-5,  7-6,  10-11—13,  Ar5,  A-10 

Unit  Risk 7-10—13,  7-22,  7-37,  7-62,  7-67,  7-70,  7-79,  7-80 

Upgradient 2-26,  2-39,  2-40,  3-7,  7-55 

Upper  Concentration  Limite  (UCLs)    3-5,  6-12,  6-13,  A-10 

UR See"UHtRiskr 

USEPA    See  "Environmental  Proteetaon  Agenef 

Utility  worker B-2,  8-38 

V 

Vadose  zone 6^,  6-10 

VI    See  "Volmiae  Infested 

VOCs See  "Volatile  Organic  Compounds" 

Volatile  Organic  Compounds 2-67,  6-6,  7-57,  7-59,  7-70,  B-24 

Volatilization vii,  3-5,  6-4,  6-9,  6-12,  7-29,  7-72 

Vohane  Ingested 7-68,  10-4,  H.6 

VR See  "RespiratoKy  Yahmier 
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w 

Washing 7-68 

Water  Quality  Criteria    See  "Ambient  Water  Quality  Criteria" 

Water  Quality  Standards 2-63,  7-66,  7-81,  E-2,  E-3,  H-S 

Water  table    5-21,  6-9,  7-58 

Welfare    See  "Public  Welfare" 

Well 1-3,  2*- 10,  2-15—17,  2-31,  2-32,  2-35,  2-42,  2-45,  2-46,  2-53 

2-59,  2-66,  3-6,  5-12,  5-14,  5-19,  5-21,  6-2,  6-12,  7-5 

7-26,  7-30,  7-31,  7-39,  7-40,  7-42,  7-51,  7-54,  7-56,  7-57 

7-65,  7-83,  10-4,  10-7,  10-8,  10-12,  D-2,  E-1,  F-3 

Wetland 7-26 

Wildlife    ii,  2-40,  E-2,  E-3 

Worker  Exposure 7-41,  B-2  B-8,  B-38 

Workgroup  Members ii 

z 

Zone  A 2-8,  F-3 

Zone  n 2-8,  2-9,  5-21,  F-3 
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Commonwealth  of  Massachusetts 

Executive  Office  of  Environmental  Affairs 

Department  of  Environmental  Protection 

Bureau  of  Waste  Site  Cleanup 

and 
Office  of  Research  &  Standards 


